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PAI^T'l - METRIC CONVERSION pELIBERATIONS AND PLANNING FOR THE CHANGE 

Historical Backgroimd 

The metric system of units was proposed at a time ' when the United- 
States of America had /jxist put into effect its Coristitution, and 
George Washington had been named first. President.* In 1790, France, 
Great Britain, ^nd the fledgling United States were all considering 

- major changes to their systems' of^^ weights and measures in order to 
reduce diversity and confusion* In each case^ uniform measures and a 
decimal base were proposed^ but only in France was a system developed 

*which has since been .adopted by nearly al\ nations of the world — the 
"systeme metrique" or metric system. -v . 

Thomas Jefferson, 'the Secretary of State in 1790, was aware of Talley- 
rand's p'doposal to\ the French National Assembly for ''a new, arid radically 
different system of units, when he submltt;.ed as one of two plans for 
consideration an elegant concept of decimally related weights and mea- 
sures, based on ^ decimalized ^foot and a' decimalized pound, with a 
direct relationship to the cubic foot. 'Although Jefferson's support 
for a "decimal" currency had been '^instrumental, in establishing the 
de^cimal concept of measurement as the basis of commerce and accounting^ 
no action was taken to change weights. and measures. 

The first serious comparison of English (customary) "and French (metric) 
measures was made in 1821, in the extensive "Report Upon, Weights and 
Measures" by John Qulncy Adams, . stating advantage's and disadvantages 
of both systems. Adams, however, counseled against. any hasty decision 
and, thus, , the subject;^ remained dormant untii the 186.0 's, when some 
major international conferences' and the .newly formed National Academy 
«of Scieiices took up the. subject of an "international" system of 
measurement. -'it 

the result of new lnitiat;Lves was- that; the metric system was authorized 
by an Act of /Congress passed in 1866 (14 Stat. .339, July 28', 1866)', 
and thus became permissible for use In any transaction. ^• 

In J875, the United States became one. of the original signatory nations, 
to the^ Treaty. (Convention) of V the Meter (20 Stat. 709) , which ' Estab- 
lished the General Conference oi; Weights and Measures (CGPM)*, the Inter- 
national Committee for Weights and Measures (CIPM), and the Interna- 
tional Bureau of Weights. anS'^ Measures (BIPM). Thus, for over a century, 
the United States has actively participated .in the development of the, 
concepts of the metric system ax^d," la recent years, the International 
System of Units (SI).. . — ' ^ 

Since- 1893, Customary units for use In ^ the United States haye been 
definfed in" terms of metric units. In addition, all major; units for 
electricity, magnetism, and illumination now in use in the United 
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States are^ metric . units .and, in most -instances, pure SI; for example, 
"watt, volt; ampere, ohm, Siemens ..[mho], hertz [cpis], weber, tesla, 
henry, cande la,, and lumen» 

There have been various periods, starting in the 1860* s and continuing 
into the 1970 's, during which bills have been introduced in Congress 
to effect the' adoption or wider use of the metric system* Xiearings 
were held on many occasions, under the auspices of Senate or>ilb^se of 
Representatives' committees [!]*• 

Since the- formation of the Congressional Committee on Science and* 
Technology in 1959, which by House rule has been charged with the gen- 
eral oversight of the ^^standardization of weights'- and measures and the 
metric system," bills haVe been iirtroduced that yea-r and every, year 
following to effect wider use ^)f the metric systeiTTlt the United States 
or to provide for surveys;_and studies to weigh the advisability of doing 

In 1960, the United States was a signatory to the 11th- General 
Conference on Weights and Measures, which formally gave the t^tle 
**Intemational. System of Units" to the rationalized Vnd .^coherent ver- 
sion of the metric system, for which -the ab^be^dat ion "SI" is used in 
all languages* With thiis action, the change bec^tiqer an , "international" 
issue, reflecting the international participation^in j the .development 
of SI* Following- a decision in 1965 by British industry to change to 
SI, based on ja voluntary conversion, ^ one by one all other English- 
speaking nations decided to replace their customary measurement systems 
wit;h the InterMtional System of Units* Of the major nations, the deci- 
sion by South iuhrica was followed by Australia, New Zealand, and Canada, 
-so that by the .mid-1970 's only the United States had not Ireachfed a 
decision*. 

1*2 The U*&* ^Metric Study and Testimony from the Construction 
Industries ' _ 

On August 9, 1968, the President .signed Public Law 90-472 (82"^at* 
, 693), "An Act to authorize the Secretary of Commerce to make a study to 
determine the? advantages and disadvantagers -of- Increased use of the 
^metric systepi in .the United States, " also . ref ierred to as the Metric 
Study Act of 1968. The- Act specified that the Secretary, of Commerce 
should submit to Congress, within 3 years, a full and cbmplete report 
of the findings',^ tojgether ' with such recommendations ,as considered to 
be ^ appropriate* and in the* best interests of the United States * :The 
"if* "Metric Study" was conducted by the National Bureau of Standards, 
and has been reported in a 12-yolume U*S* Metric Study Interim Report ^ 
(NBS SP 345-1 to SP 345-12) [2], as well as a Report to ^e Congress (NBS 
SP 345 - July 1971), ^titled "A Metric America - A Decision Who'se TimeJ • 
Has Come" [3]^ The report .concluded that the United States should 
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change to the metxic system through a caaKcdinated national program, 
and provided a number of more detailed Dpcommendstions, for example: 

* ' *tha:t the Congress assign the responsibility for guiding the change, 
and. anticipating the kinds of special problems described in t6e 
rexxort, -to a c^tral coordinating body responsive to all sectors of, 
^society; 

that ^within this guiding framework, detailed plans and timetables 
be worked out by the sectors themselves; ^ ^ . 

that early priority be given to educating every American schoolchild 
and the public at* large think in^metric terms; 

thaT immediate steps be taken by^the Congress to foster U.S. 
participation in international standards activities; 

® that in opder to encourage efficiency and minimize the overall costs 
• to society, the general rule should be. that .any changeover costs 
shall "lie where they fall;" 

thae^he Congress', after deciding on"a plan far the «ation, establish 
a target date 10 years ahead, by which . time the United States, will 
have become predominantly, though not exclusively, metric; and, 

®. that there.be a firm government commitment to this goal/ . ^ 

/ • ., • . 

As part of the, U.S. Metric Study, the. construction industries: were 
asked' to. respond on their feelings about the projected change to metric 
'measurement. This was accomplished by means of questionnaires* and 
interviews, as .veil, as by means of a two-day 'Construct ion/lndus try Con- 
ference, held at the National Bureau of Standards, U*S. .Department of- 
Commerce, on October 5-6, 1970. , ' ^ ^' 

-gp^ responses f rbm .. tfie "contract construction" sector, of nonmanu- 
facturing businesses are detailed , in U.S. Metric . Study Interim" Report 
"116. 5 - Nonmanufacturing businesses" (NBS SP 345-5): The following esti- 
mates were made by 'construction, respondents as to a reasonable time 
period for the change:; ^ ' , 



Percentage QMnttlative Percentage 



Immediately 


^ OX 


■ 0% 


X ^ years 






J • 3^7, years 


1*7^ 

X/ ^ 


o o <v 

23% 


6y - lb years 


45% . 


68% 


11 15 years 


i% ■• 


74% 


16 — 20 years 


8% 


V «2% 


Over* 20 years . 


4% 


86.% 


•Never 


3%' • ■ - ■ 


89% 


No answer or ■ 






. don't know 


.11% ■ 






• 100% 





the respondents who chose a ' 
period as:reasonable,_ namely 45789 
i favoring a shorter time frame are 

. :^dedy or 76*4^ P^^cent;^ opted for a' trune frame within . 10 *years • 

Hweyer, : when farced a^ current attitude -of your cdmpany toward 

-mereased your operaUcns^ 37 percent of the construe- 

. tioitf^^^^^ mildly or- strongly, against . 

;^g^^ indicated^ t:hat they were for 

■ metxic^tlon. inke r either neutral or noncom- - 

mittaiv (no answer, d^ of construction* 

representatives vind^^ believed increased, metric usage was 

in the best interest of the United States. i. - >^ 

. Additional testimony from the cons tifuction sect br^^^w obtained with o the 
:W Affairs Comnittee of the U^^S* Chamber of 

•Commepcer^f Hie testimony vfrom 26^ const-ruction related groufSs is 

summarised- Metyfc' Staidy' Interim No.. 12 - Testimony of t 

; y^t^^ -- SB. The summaries of 

: fifndingi5;have been^ reproduce^^^ from : 

;in<ttvidual gfpu the construction 

±ndu:stry;'s Unions^; whose* testimony were presented at a separata. National 
^ Metric Study" Conference 

lv3<^ Legislative Action^ the Establishment of the IL.S«^etric:3oard , 

•Following the D. S. Metric Study RepoKrt , legisi^aon ^wee^ f orwarde* to 
V Congress by the Administration f or voluntary tfien 'year" plan to osbn— 
. veni/r the- nation . t the. metric sys;<3aBt: [92nd Coqgre^]. However, no 

action was taken. 

A number of bills were introduced ±n^e 93rd Coi^psessi^ with hearings _ 
held on them/ en, bloc in^ fo3n:owed:a>yit±e feporlm^ 

out ofva^^ffl^^^ Research, aiid \. 

Comm±tl:ee. zm October 1973 • ^ * 
.^^On Majj^ 7v . 1974, this bill was brought to the , ilooxr ixa^ a suspension 
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of rules which r^uires a'^twor-thirds vot^, but it was not acted upon 
/ favorably.. ^ ' ' . * . 

- In. the 94th Congress, many bills were •introduced in 1975, culminating 
\ in the reporting-out" of E»R» .-8674, which was subsequently considered 

^'and passed>1iy the House on ' 1975^; considered and passed By 

. * the^LSena:te, but amen^^^ Senate bill S. 100, on December 8, 

- 1975'; concurred ; on the . Senate amendment by the House on December 11, 
.1975; and signed into Law by President Ford on December 23^ 1975, as 

Public La^i. 94-168, cited .as the Tile trie Conversion Act of ^1975- [4]* 

The purpose of the Act is stated , as ""To declare a national policy of 
coordinating £he increasing use of the metric system -in the United 
States » and to establish a United States M^ric Board to coordinate the 

- , voluntary conversion to the metric -system. The Act does not specify 
a timetable for conversion, nor does it speajc about the sole or predomr- 
inant use ^ the metric system; rather, it inentions that "this Nation 
is the . only^ndustriaily developed nation which has. not established a 

- national policy of committing itself and ticking .steps to facilitate 
converision to > the metric system,-? and that "it is therefore declared 
that the policy of the A^fiited States shall be to coordinate and plan 

- the increasing dose^^of the metric^ systejn . in the United States . and to 
establish a United States Mietric Board to coorditi^ate the voluntary 

- conversion to the metric system*" " - 

■ ^- V . ■ ■ ■ • - ■ ■ c ^- ^ . ~ " ' / ■ 

■ ■ ■ . ■ ' _ ■ . ■ . , • \ . . • V 

The remainder of the Act deals with .-the establishment, structure, 

functions, and duties -'of /the U.S. ^ Met rl Board; which, accordiij^g to the 
. Act;, consists of' a Cliairman and 16 members ; appointed by the President 

by and with' the ^^'a^ of the Senate. It' is significant 

; that Sec^on 5. (b>C2)(H) --specifies, one of the members "to be selected 

from lists of • q of the construction 

- industiry. " Thi's>gives: the bu^i industries a direct; 
" voicet iii the deiiberati^ - 

■ The pri^fjial^ Board members was rescinded after the 
' change of - A appointment: of the 
^ U*S. Metric first 13 

no&nees^jon> March - 21 , : :aiid^the>; p the r: ; f on June 2Q^ 1978. The 

Loiiis F;^, Pplk,^ of Dayton, OH, V 
and : t& The member ^ irepre- ; 

■ s;eatd.ng thiei • coiis^ ;is Francis R. of - Cinciniia ti , OhV 
: Thejj^dmini^ttatd^ v of the i. TJ» S^J Me tri, c Board aire located at 



. 1^4 :nie Am^ tJ^jtotivitifes of its. / 

V; ; J v. ^^Constaniction Industries Co^ Committ-ee ♦ ■'^■-^■^ .'^^ 

^ As/ i 

■ thel^port^^^ l^attoiial Met^p 

Councii: ( ^1973. It wais formed by priv^ 



Initiative ..and under the sponsorship of ^he American National Standards 
Institute (ANSI), as a. nonprofit organization .to assist; all segments of 
the U*S* economy in the plainning, coordination, and implementation of a 
voluntary change to the metric system' of measurement* 

In. January 1974, representatives from theomain segments of the • construc- 
tion industries met as a Steering Group for Building and Construction , 
in ANMC,: to establish strategies and policies for, metric conversion, 
activities. This. Steering Group is now known as the Construction Indus- 
tries Coordinating ComntLttee (CICC).^ Subsequently, a number of Sector 
Committees and Subsectors Were formed to represent ispecific segments of 
the constrjaction and^ allied industries and services* For the purposes 
of ANMC^ these planning groups were given the following numeric codes: 

. \3*,00 CONSTRUCTION INDUSTRIES COORDINATING^COMMICTEE [1974} 

3.01 l)esign Sector: [formed 1976] ' ^. . 
-Subsectors: Engineering 

. , Architecture- 

3.02 Construction Codes and Standards Sector [formed 1975] 
Subsectors: Building Codes . 

Electrical Codes 
' • Plumbing Codes 

* V Mechanical Codes . = ' . ' 

©Elevator Codes . 
" ^ Fire Prevention Codes 
*. * . * Su^te implementation and Tiraining 

Canadian <j^ode Liaison 

3.03* Construction Products Manufacturers Sector [formed 1975] 

; Subsectors: Basic Structure V , 

* Exterior/Interior Finish and Insulation* ; . , 

n Openings ' " . '\y 

Roofing \ -v* 

. " Mechani<;al/Electrical 
; .. Ca^binets and Case Goods 

- Hardware 

. 3.04 Contractor Sector 

■ ' • ■ i^':--'' ■ ■ '] - ' ■-- ■ • 

3.05 Inforimation Sector ■ ^ ' 

^ - The reference '[to Coordinating. Committee in this text preceded the 
t May 12, 1980, decistoh by the ANMCVBoard of Directors designating 
Coordinating^ Committees as Coordinating. Groiigs. > r .y^' 



y ■ S.Oe Keal EstafiBsSector ffora 
^ Z.On User^ SecasBBc-<Killd±ng Clients) . 

3.08 Surveying — tFttdpplng Sector [formed 1975] 

vAlso: Labor Lfairsan Committee (formerly Sector 3*05) 

' . .- - ' ■ • ' . . "* ■ 

Pai;tlclpatlon In ANMCsgplannlng a.ctlvltles for the construction indus- 
tries has incfbxded more than 300 individuals, representing'* more than 150 
industry associations or organizations* ^. 

^During 6 years of meetings^ the Cicc and its various sectpr' committees 
developed a comprehensive conversion plan for* the 'U.S» construction, 
industries. By March 1978, CICC Tiad identified all key metric activi- 
ties* in all se?::tors tihen in existence and had related these activities 
in a: series of logical nepi/oxks showing interdependeiftfies and sequences.] 
these activity sequence charts for:^each sector and for the industry as a 
whole were, shown publicly- a&tiie 4th Armnal ANMC Conference in Atlanta, 
GA, in April 197J5. During 1978, IdEkely durations for the various activi- 
ties were assessed,, and in JLpril 1979; ^ the St h Annual ANMC Conf erence 
in Washington, D.C., a draft Const:ruct±on indu^ries Metric "Conversion 
Schedule was unveil€si^ This draft schedule provided the overall sector 
management program tfi^rlc coixverslon. lii September 1979, the CICC 
"^d all its sector^MMBD^^tsaBescmet^/^^ consldeT> an expanded set of actios 
schc^dules* — or timetHjJi i DuL -^each:^ sector and the construction ihdustiy 
at large* These deiaveEix^ we^ ^o the review by all indi — 

.vidials and gtoups ^BBsoc laliaa. wttfa AMMEr/CICC.- In December 1979, tha 
. CICC met in W^shingpcm;^. l):;^;;^^ and xeso^ to alccept the timetable as: :a= 
d^asible basis fcr ^^o luoUdcy change ^o metric, and decide'd to sub mfr 
±t. for general ^^xxnsL^^dk^XiOm^^ change* On^prll 4^^ 1980^ :2s^ 

a preliide to the coE&Jr uct 'lb n sess^^ t:he 6th Annual ANMC Conference 
tin San Fraaci sco^ pCA^ it±fe -ItetTa^^ [5] featured the ANMQ/CICC 

Reporter al^o contsEiined rar^SoSEIrbt Xx> ppmnrfrt> individuals apd/or organiza— 
itiions rr> o-gprrAftg * :ri»rT4=ngg ^ tifiL time table./ 

The activities t-liA. c.rmttrrm-r^rm TrWlng rr-^iP'R Coordinating CoimnJ t tee^ of 
>ANMC, in ^atteii$£!±ng:;t^ for metric perversion 

in. the z^^**^ ^"**''^ ^ ^"^^"^ ;l»^iieenade!talled in the^ ANMC Coii^truc-^ 

tion '^'TsA^^sarf-^^ ggecial publication (May- 1 980)^ 

r'VetridiCp^ ill ^p^^ ? ^^^ f'rHV ' IjialusJ^il es. . ^Planning, Coor'dina- 

tion^ahii Tir^ - . ^/ : v 

This T-hnetstfyle hasV Tlft^ -KiaW ctTKnri^<»ri rh<> n.g: Metric Bp§rd for 

ATram-fAnirt^ 1 -TM'faaic^' -r-ry- i-f-no^ w£th the procedures outlined in; 

$i^ctAxyci^^ :th4 3tetr±c Conv€trsion Act of 1975^ These- ^ 

.procejiuressTBratfej^ ■ - ; •: .-..ir; . 



Fignce l-lr •:. AMiC/CICC Diaft Meiorlc-Conversloa Tiinet^^ for the 
. ■;. M- Canstructioa Industries ' — . — 



AMEMCAi^^^NATKSNALMETRic Council 
i coNSTRUcri<»r^?tt«>usiiffia!pooRMN>i^^ 

CONST^UGTIGN !Ndl8B»teMETfUC COhfVERSION TIMEr«E 



iMCsl»eM«tric Procfk* Ovi^m for; '.^ 



'^loducti Uf roivf . 



TinriufwiMrtfir Miniirrinp EqwipMnt f 



|S i»g iw> Coi>c#pfuoife»«iQn in M«trlc' 



OMSTmicim ^inoustries: 

- COfWOWATW 



fc^rodwct Sa«»^-i« Metric ^1 



BviM M«tric''B«iUMtg 



^7 ^3a3S22a 



fTublisb Mod«l Cod«s in Metric. 



Enect EiMibliiig !L«|>iftloHen ' 



:Ce]filwc*:4aRii TronsoctienS' in M«tricr 



3^roduc•^Ffop•rty Sunrvys in Metric J 



EiigSii— ring in M»*f ic 



^ ^SiiijCi^^ffissa 



<Aword> M »tric CenstfiMtion 



Co^roct 



^ ^::2aEC' 



i^teosptiPloiMitR Mftnc end Itsv* 



imviobor Ag f w wt» .in MMric 
fcy?mCottftnictt6i»of M»tric ; 



{ i aiw i pfal ^ M»tfic: CoMiif MCtiow 



;1 ^ B i rr ii py oiid M u i wt oiiM^»tficrB<»?W»9i 



i lGbmw.^R«el.Estav«aXraiisoctfont^ 



E--^ 



S«€tor 


Otk«r S«ctoniAiMolv«d 


1 3.02 


3.01 3.03 3S04 3:06 
3.06 3.07 3»>8 


1:^3:02 


3.01 .3:03 33U 3J05 

3.06 z.or^3m 


j/3.03 


2.0\ 3J>2:3aU Z30S 
3.07 




3.01 3X2^3903 3304^. 
3.0s 3.06 


J : xb7 


3.01 


1 3,03 


3.09 


|;~3.03 


— .■ 


1 3J61 


3.02 3.03 34)4 3:07 


J 3.02 


- 3.01 3.03 3.04 3.05 
3.06 3.07 3.08 


1 


3.01 3.03 3.07 


1 3.02 


3.01 3.03 3.04 3.05 
<^.06 3.07 - 3.08 


J 3.06' 


3.02 3,07 3.08 


1, 3.08 


3.01 3.02 3m 3.06 
3.07 : - 


[3.01; 


3.0^,^^3:04 3.07 


k3.04 


3.01 3.02 Xb3 3.05 




3:01 3.04 


L3.02 


3 01- ^.04 3.07 • 


1; 3.05 


; 3X)X:i3:04_^07 


1^3.04^ 


3.01 3:03 3.05* 3.07 


^3.03 


"3.01 3.02.3.05 


|\3,0^ 


IlOI 3:02 3.03 3.07 


|:^.07 


3.01, 3.03" 3.ai 


1 3.06. 


3.01 .3:02 3.04:-~3.05 
3.07 3.08 




^ . Moi^mAmm ■ 1 wy 1 HiMiii htcact imolvtd 
- Iw»>w»i w i M« tr icCb«vr»io»- Activity 

D*ef»as^9NM*tricfC6iiv«fsion Activity 



SKtor JiMibar Codti ^ 3.01 Otsi«n , - 

\ " -3.02 CodtsmdStMdards 
\ .3.03 Co wtT u cti on -fradscti' 
3.04 Cootractors 
3.05^ labor liaiion . ^ 
. \ 3.06 RuFEnatt 

3.07 . Us^i/Bnadifig Ctiiats 
'^3.08 SbfVfviag^<Mappiog^ 
>3.09 Infonaation ■ ^ 



'*In carrying out this program,* the Boaxd ghall — 

(2) provide, for appropriate procedures whereby various grofops, 
under the auspices of the Board,* may fcrmulate, and recommend or* 
suggiest, to the Board specific programs for cocrdiuatlng conversioa 
in. each industry and segment thereof and specific dimensions and 
configurations in the metri'c system knd in other measurements for^ 
. general use# Such programs, . dimensions, ^ and configurations shall 
' be consistent, with (a) the needs, interiests, and capabilities t>f 

- • manufacturers (large and small), suppliers, labor, consumers, edu- 
cators, a'tid . other 'interested groups, and (b) the national interest; 

• ■ 

J- (3) publicize, in ^n appropriate manner, proposed progr-ams and 
provide an opportunity for interested groups or individuals to 

. submit comments on such programs** At the request of . interested 
parties, the Board, in its discretion^ may hold hearings with 
regard to such programs* Such comments, and hearings may be consid- 
ered by the Board;" * \ . 

The 23' Action. Items of the Construction Indnstries Metric Cbnverision 
. Timetable 3re analyzed and expanded in Part 8 of this publication. 

1*5 The GAP Metric Report and Findings Relat--rT«g- to the Construction 
Industries y< . . 

Following the passage of the Metric Conversion Act of 1975, concern was 
voiced by pro-metric as well as anti-metric groups about the implica- 
tions of thie Act. The General Accounting Office (GAO) undertook a study 
and reported to* Congress on phe implications of adoption of the metric 
system. It assigned a task force of ^GAO staff members to conduct^ a 
lengthy, inquiry, involving both questionnaires md jpersonal interviews, 
as well- a3 analysis ofl available studies and doconents. ' 

• On ^October 20, 1978^ tjie Comptroller General- xeJaeased G&p Report CED-78^ 
128, entitle* . ^Getting * a Better . Unders tandiiig. of th^^Matric ^Sy^tem:- 
Implications If Adopted, By* the Ujaited Stat^su" The T^S^Hpage Report, to 
Coagress and its ExecutlSre' *Sunmiary not ;xesolved:. the metric con— 
trbvexsy in ^he^Uiiited States,, and contain no dfxect r?ecommendattons to 

• CQngress.\ However, "on* page 30-23, the iieport: isztates "^C:.. believe, on 
the' basis of the conyersion lessons learned dEn» the.: iSonse^gn * count ri^ 
experience, that iif "the United States . is tx> :ier predanEfaaant^ly metric^ 
the Congri^ss should amend the Metric Conversxonr^Act of JE973 to ma^e ir 
.tlje national policy to. convert to the me t r ia. ^ syst em as :tite predominant 
system of weights and measures, within* a re^r r^-iu miTnhAi^ n-F years. Also, 
thfe U. S/ Metric Board should accept ^ lessons leaxned In^ otlier countries . ** 

The report" emphasizes potential, problems,. • concerns j .and anticipated 
.costs of the change and is,, therefore, a useful guide, to. those .'areas 
which requfr.e\ additional research and investigation. In relying -on 
'*estimates,'! the report acknowledges that accurate ^assessments .of eitiieE 
^costs or^ benefits are not possible, but that:' the" costs of the . change 
would be substantial. .Tfie Report summarizes on page 31-27, **rt would 
.seem that as a minimum before ; voluntarily deciding 'to convert,, th^e 



should be a clear understanding' of the policy, knowledge of the costs 
and benefits; involved, an assessment of the impact on . the .sector in- 
• vo^lved* and any related sector^ and a determination of the impact on con- 
sumers." Chapter 11 of the report, "Automotive Industry Provides an 
Impetus," deals largely with costs and benefits, and clearly indicates 
that initial cost estimates can^be largely misleading and vastly over- 
stated,. In this industry, it is believed that the coupling of metrica- 
tion with. the introduction of new products or normal replacement cycles 
will result in benefits which wili . ultimately outweigh ^ the costs. 

The largest chapter in the GAO Report, Chapter 16, deals with, the 
building and construction industries. The 55-p>age chapter, entitled "A 
Dilemma for the Building and Construction Industry," states some of the 
reasons, why conversion is progressing at a slow rate. It also finds the 
industry, generally, is passive towards it, even though much of the 
industry ^considers conversion to be inevitable and beneficial, for the 
United States as a whole. 

"The apparent reasons for the lack of activity (at the time> of the 
stud3r~1976-1978) are that '(1) the industry presently has no compelling- 
reasons to convert, (2) the industry . is uncertain of the national policy 
' and Federal cpmmitmefe to conversion, (3) parts of the industry, are con- 
ceriied* about the. costs and not certain of . the benef its, and (4) it is 
difficult for individual firms or segments of the industry to act 
alone — the industry is too ..diversified, nand no firm is large enough to 
lead. Metrication of the building and construction industry prabably 
would not Qccur in the 'near future unless it is mandated or the Federal 
Government plays a greater role in bringing it about." . . 

* * • ■> ■■ ' «• * ' 

The chapter itself contains' a great deal of useful information, based 
on the result of 285 usable replies to a construction industry ques- 
tionnaire, sent to 394 industry associations, as. well as quotes from 
interviews conducted with various industry spokesmen. • in ^presenting 
responses to various .questions, the "^report uses a Sreakdowni 

1. Construction* Industry Associations (285) 

a. ' Designers - ' . 

b. ^ Contractors ^ • ^ * 

c. . . Labor . >v , - ,^ 

d. . Manufacturers * ' - . 

e. /Distributors . . - 
.. f* Codes 4nd Standards 

g. Real Estate " - ' * V ^ . ^ , ■ 

2. Small Construction Firms (67)- from Survey of 1000 Small Businesses* 

..... . . V ^ . ^ . - 

The categories of industry- association^^^xcept for distributors, reflect 
the .sectors adopted by the Ankricah National MeCirt c Comi CiHr^ _ . ' ^ 

The GAO Study also asked a number of quiestionsr on timing of metrij^c- con- 
version in the construction industry, in Section F. of the Questionnaire 
(shwn: on pagQ 16-55. of the Report) .c^ " . . ^ • * 



Question 20* asked: "If the United States converts to the metric system, 
approximately what would be the shortest^ time frame for the! majority of 
• your members to • convert?r, and Question 21* ' asked: "If conversion is 
not made mandatory, what would be tHe optimum ampunt of time your members 
would tieed to convert?" 

The GAO Task Force c^iose different time spans from those used in the 
U.S. Metric Study, having only, two bptibns rathier than four options for 
the fii^st 10 year period, and fpur options rathe^ than two options . for 
periods exceeding 2Q years. Thus, the median, in the eight GAO options 
falls at 20 years, compared with -a" median, of 10 years in- the eight U.S. 
Metric Study options. ** . 

Despite this difference in approach, the, findings on timing were not^ 
dissimilar as indicated* in the text on "conversion target 'dates" (pages 
16-^45 and 16-46), which is quoted in full below^ ^ 

"[A] time frame is needed for the industry to properly plan and coordi- 
nate. Architecir's would Icnow when metric products are available, ^and 

. manufacturers would know when to produce metric products. 

' ' \ ■ o - ■; 

Tlany factors should be^ considerjed in establishing a time* frame. For 
example,' some .may want ■ a time 'fxame as : short as practicable ^because of 
the dual inventorieg problem. Others- may believe a longer time fraqie 
is ^necessary^ The?* guiding principle should be to maximize benefits and 
minimize costs.*; More than one target date may be established for the 
induistry. with, the time frame one ^segment differing "from, but cbordi- 
. nated with, thkr, of others. \ . ' - * 

"* About 90 K percent ,of the* assotiattons and ^77 percent oi the . small 
cons truption fiinns said that they could convert in 10 years or less. 
S^ixty^three percent of the assoclaitions and 62;, percent of the small 
construction firms: thought tha^^ 10 years of less would be the optimuln 
time frame •^f or ^c6hversio.n;M.e., ; cbjEiversion could bfe -most favorably 
implemented' In iO years or^^ ' 

MipJ.jium Conversion Time Frame 

Time Period Associations Cumulative ' Small Construction Cumulative 
• . ■ . » *Firms . . 



Under 5 years 
5 - 10 years 
11 - 15 years ~ 



37%- 


• 

37% . 


* '42% 


- 42% . 


.543^ i 


91% 


' 35% 


77X 


'5% ■ [. 


96% 


12% 


.S9XC 


2% 


^ 98%. . 




89%' 


1% - 


99% 


3% 


92% 




100% 


• ■ 7% - . 


99% 



. XX x^. jrcoxo 

16 - 20 year:s - 
21 years' + .V 
•Never 



Optimum Conversion Time Frame (Conversion "not made mandatory) 

time Period Associations ^Cumulative- Onfall Construction . Cumulative 



Under 5 years • 
5 -V 10 years 


21% ' 
63% 


21% 
- ■ 63% 




31% 
31% 


31% ' 
• 62% 


11/=^ 15 years 
16 - 20 years • 
21 years + ; 
Never 


14% 

7% - 
5%" ■• 
- 11% 


77% 
84%" 
89% . 
100% 




10% 
5% 
3% 

.19% 


72% 
. 77%- 
^80% 
99% 



1.6 Involvement of the^TJational Institute of Building- Sciences 

— - . • '■ T" — ; ' , ■• . I \ 

With the. development of ' the draft . of a Construction Industries Metric 
ponversion Timetable^ representatives of co.nstru9tion industry associa- 
tions working linde^r the auspices of ANMC/CICC determined that a wider 
dissemination of tlie information and planning data should be made to all 
segments of the itidustry, to decide whether, m'etric ''conversion was *f easi- 

by means of a voluntary, 
the ANMC/GICC timetable. 



ble, and, if so, whether -it should be-undertake,n 
private-sector- led conversion program based on 



A cornerstone* of the planning was the -decision by -the;. Construction 
Indixstries Coordinating Committee \of /ANMC that ; industry leaders should 
be acquainted with metric conversion issues, opportunities and concerns; 
as well as the 'mettle: conversion plan and schedule developed, by ANMC/^ 
CICC. In September-1979, the National Institute of Building Sciences 
.(NIBS) — as the major forum for the construction Industry— was invited 
to be a -splonsor . of .a national conference on 'metric Issues and the ANMC/ 
CICC Timetable, together with the American National Mettle Council,-- the 
iliS. Metric Board 0?SMB), and the National ' Bureau of 'Standards * (NBS). ^ 

Subsequently,. NIfiS . decided -that it should organize such a conference on 
a nonadvocate basis, with the assistance and cooperation of ANMC, USMB, 
and NBS. In that way, both pro-metric and anti-metric-^ viewSo ^ould be 
B^resented-iin a construction-oriented .context:* The symposium on '"Metric 
COTvefsion in the BuildjLng Induis try" will be h6 Id in Chicago, Illinois, 
on December 2-3, 1980. \ 

In ^February 1980", .NIBS mailed a questionnaire^ on "Metric Conversion of 
the Building Industry" to 'all- its -members^* to ascertain interest in 
attendance,^ and some feedback on: (1) aspects .of' mej^ication that have 
been researched; (2) the willingness of individuals to present, a paper 
and the subject<s), for/ such a paper; and, (3) concer?is about aspects of 
metrication. From responses it 1^5 clear that dimensional , (modular) , 
cootdination smd derived^ preferred sizes are -regarded as the principal 
issues for the construction community. 




International Metrication * 

Close" contactis are * b^ ' the ANMCj OSMB, . apd .standards- 

generating- organizations with the Canadian building- design,- production, 
and construction industries 'to mp^itor their experiences --.dii.ring-/*the 
traiisition to metric (SI) units ,yand* to obtain information on any* action 
that may assist the • United States in maleLag decisions on metric "conver- ; 
sion. The Canadian, building i bf January ly, 

1978, ;and..an WhYear of 197a<^^during which the actual chatiges in produc- 
tion and construction woul<I^be initiated, followed h>& a.transition|period 
of a f ew ^years and predominantly sietric new cojisttuction 6y^ Deceipj)^ 31',, 
1980.' > ' - ■ " ■> ■. . • 

' - / ^- . • . * • • ' ■ ' 

In addition, information on approaches and metric practices de^jeloped 

during the change? in the construction industries of* Britain, ^Australia; V 

and New Zeal^n^ has been avad^able to guide the * United * States in terms. 

of technicals precedent* • But, ^ than just following the patterns 

gf 'dther ^/countries, 'analysis, . of '^prece4ent will indicate trends and 

make it /'possible for the United States to make decisions, appropriate 

to its own needs and industrial jpatterns. 
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PART 2 - CURRENT ACTIVITIES IN PROFESSIONAL AND ^INDUSTRY ' GROUPS AND 
STATE GOVERNMENT POLICIES, METRIC COMMITTEES OR COORDINATORS; 
HfeTRIC ACTIONS 

'• ^ . . - . . " <• 

.2>1, Current Construction Related Metric Activities 

» ■ ■ , ■ „ ' 

In the spring of 1980, the NBS Center for" Building Technology sent a 
letter to 128 professional societies, tra4e associations, and individual 
companies requesting metric conversion information. th^ s section of 
the document is comprised of excerpts from responses to this letter. 

For the most part, those contacted are organizations which at sometime 
had representatives at a meeting of one of the Sectors comprising the 
Construction Industries Coordinating Committee of the American National 
Metric Council. In a few instances, organizations were contacted 
because they are well known in the construction community. 

Following' is a breakdown of inquiries sent and responses received 
separated into categories similar to the Sector divisions of the Con- 
struction Industries Coordinating Committee of the American National 
Metric Council. 

Construction Related National Associations 



Sector 
Design ^ 

Codes and Standards 
Product Manufacturers 
Contractors** ^ 
Information 
Real Estate 
Surveying and Mapping 
Labor Liasion 



Number of 
Inquiries Sent 

13 
19 
35 

9 

0 

6 

3 

4 



Number of . 
Responses 

9 
10 
15 

3 

0 - 
0 
2 
0 



93 . 



39 



Construction Related Individual Companies 



Sector 



All Sectors 



Number of 
Inquiries Sent 

35 



Number of 
Responses 

12 



There were a total of 51 responses to the inquiry. Following is a 
summary of the information contained in tbese responses from Construc- 
tion Related National Associations and Individual Companies combined: 



15. 



28 



Has Pub- . ^ 

lished Metric Has Metric Has Metric Has Metric 



Seetbr/ Information 


Policy 


Coordinator 


Connnittee 


' i^Sigu \1.\JJ 


■3- 


3 


- 




"Cades and Standards (10) 


6 


2 


if 


i. . 


. r roducu . v^ugs J V ^9 J 


10 


9 


10 . 


13 


.Contractors (3) 


0 


i 


" ■ 3 


1 \ 


Information (0) ■ 


0 


0 > 


0 • 


0 


Real Estate (0) 


. 0 . 


0 


0 


0' 


users (0) 


. 0 


0 ■ 


0 


.0 


Sufyeying land 










\, Mapping (2) 


2 


2 


1 : . 


1 


L41>or Liaison (0) 


0 


6 


0 


0 


■ ^ • * 


2r 


17 ■■ 


20 


19 



The following orjganizations responded to the inquiry: 

Alximinum ^sociation. The ' 

American Association of Cost Engineers 

American "Concrete Institute ' 

American Congress on Surveying and Mapping 

American Hospital Association!^ ' * * 

American Institute of Architects 

American Insurance Association 

American Iron and Steel Institute ■ 

Ame'ricaji Pljwood Association \ « 

American Society for Testing and Materials ; ^ 

American Society of Heating, Refrigerating and Air-Conditioning 

. Engineers . 
American Society of Mechanical Engineers 
American Society of Photograminetry \. 
American Society of Plumbin'g. Engineers 
American, Standard/U.S. Plumbing Products * 
Associa,ted General Contractors of America. . • 
Association of Wall and Ceiling Industries - International 
Bethlehem Steel Corporation 

Bliss Steel Products Company . ' 

Brick Institute of America ^ ^ ^ 

Building Officials and Code Administrators International, Inc; 
Business and Institutional Furniture Manufacturers Association 
Carrier International Corporation 

Concrete Reinforcing Steel Institute \ . 
Copper Development Association . " . 

Gypsum Association v . 
Hals tead and Mitchell-Division of Halstead Industries 
Iliuminatlng Engineering^^Society of North America . 
Interior Design Educators Council 

International Assdciation of Plumbing and Mechanical Officials 
International Conference of Building Officials . . 



' ^_/Manufactured Housing Institute 

Mechanical Contractors Association of America, Inc.* a 
Mobil*Research and Development Corporation . * . 

• Monsantb Company - ... * 

National Association of Home Builders 
f National Concrete Masonry Association 

National Elfectficaf Contractors Association 
Nationai Forest Products Association \ 
National Society of Professional Engineers 

Portland Cement Association . * . 

Prestressed Concrete Institute • ' ' 

Quaker-Maid - A Tappanv Di-vision 
Red Cedar Shingle and Hapdsplit Shake Bureau . 
Society of lAmerican. Registered Architects ' 
Southerg^ BAilding Code Congress International, Inc. 
Tishman Research Corporation * \^ 
Underwriters V Laboratories, Inc. 

Union Carbide Corporation - 
United States Gypsum Company ^ - * 

Weyerhaeuser Comjpany ' , ■ 

I - ■ ■. 

A summary of each of. the above organization's response follows in 
alphabetical order. Those organizations . responding that have no metric 
conversion, activity are included as well. 

The Aluminum Association. The Aluminum industry, through committees of 
the Aluminum Association, has been preparing for metric conversion for 
over 9 years. The Association serves as secretariat to American National 
Standards Committee H35,. which has' published metric standards. The Asso- 
ciation observes preferred metric sizes for metals established under 
American National Standards Committees B32.3 ^d B32.4. . The Association 
has a metric committee which is chaired by Philip Althen, ALCOA, 
axid J.. Wr- Barr df The Aluminum Association is responsible for association 
metric activities. It published a "hard" metric version of its standards 
manual in 1978. - • 

American Association of Cost Engineers. This association has a publica- 
tion guide to authors which requires both customary and metric notation 
on all units in publications. Papers * submitted containing SI units do 
not require English equivalents; ^hqwiever, the reverse is required. The 
Association expects to drop the use of English units altogether after a, 
couple of years and publish exclusively in S^. 

American Concrete Institute. The American Concrete liistftute :CaCI) has 
a IS^ember Metricatio Committee,; chaired by Clarkspn Pinkham, of S.B. 
Barnes and Associatesj^^ CA. The mission of the Cbmmittee 

is: "To; remain abfeast^^ 6^^ metric conversion 

and d lTnen sional: coordination , to evaluate the impact of these develop- 
ments on the Institute^^^^^^a^ asisist the Board in v 
coordinating the varioiis^ l^ related' to metrication 



and to reconnnehd to the Board policies and objectives with «gard .to 
metrication* and dimensional coordination* " . 

In addition^ the AC! Bpard of Directo.rs has' adopted the following metric 
policy^ ' . * ^. 

- . ••It is the policy of the American Concrete Institute to support 
. actively, the use of the International System of Units . (SI). Metric 
, Conversion offers a* unique opportunity to achieve greater dimen- 
sional coordination* The American Concrete Institute actively ^ sup- 
-ports the development and implemjentation of a rational system of 
' ..Standard dimensions as a part of the processes of conversion to SI." 

American Congress on, Surveying and Mapping. This organization provided 
quite a lengthly response to the inqirlry. It has been very active in 
th^ metric area and/-thereiore, it entire response is included. 

Members of - the . surveying and mapping prof ession have discussed -and 
written about the conversion to SI for many years. Since the signing of 
the Metric Bill by. President Ford^ the American Congress on Surveying 
and Mapping (ACSM), under the leadership of Dr. Charles A. Whitten, and 
in conjunction with the American National Metric Council, has prepared 
a guide entitled, /Metric Practice Guide for Surveying & Mapping. " 

Both' ACSM and ASCE have affirmatively declared it a policy to assist in 
the orderly* transition to t^e metric system. The ACSM . charge for 1980 

Is: ■ ■ " 

. "Metric Committee (presidential)" ^ 

The Metric Committee establishes and maintains liaison with appro- 
priate federal agencies concerned with the adoption of the metric 
standard in the Ihilted States. ThrcAigh ACSM periodical publications 
and such monographs • as th6 "Metric Practice Guide," the committee 
provides up-to-date Information on a continuing Sasis for the ACSM 
membe^rship on the status of the application of the metric system in 
the. United States as .it affects various aspects of surveying and 
cartography. The committee continues to serve as the secretariat 
for the surveying and mapping sector of the American National t^etric 
* Cpuneil, supporting the views and /interests of our, professions 
before the ANMC, the U.S. Metric Board, and other agencies. The' 
committee will, in cooperation with pth6r societies and agencies, 
recommend a schedule of 'adoption; of - linear metric measurements by 
survey perisonnel* and offices.- Methods and degree of, use sh>)uld be 
considered. * . . " ^ . • ^ 

In March 1980 at the annual convention of * the ACSM and the American 
Society of Photogrammetry (ASP) in St. Louis, the following resolution 
was presented and adopted by the membership. It is ' currently being 
reviewed by the Board of Directors. : 



• ;/ "Whereas, The President of the United Sta^s has signed the Metric 

• Conversion Act ;(PL^94-168) in 1975; and ' . 

Whereas^ The American National Metric Council has supported a 
voluntary converision target date for 1985; and • ' 

Whereas, U«S« government agencies are in the process of conversion; 
and * ' 

^Whereas, The U.S. Metric Board has provided leadership in coordina- 
ing conversion; and j . 

Whereas, A smooth transition to the metric system as it pertains 
to land survey matters- is in the best interest of the . American 
/ people; Therefore, be it 

' Resolved, That American land surveyors have an obligation to prepare 
for conversion now; 

Resolved,,. That land-surveyors in private practice and ,in public 
.-service are urged to take the initiative in their daily performance 
of duties; ' • . 

Resolved, That all new land survey plats and plans be prepared at a 
ratio scale whenever possible; . , " 

Resolved, That a dual bar s:cale,in meters and in feet be shown on 
all land survey i>lats and plans; ^ 

Resolved, That, wherever possible, all areas be shown in: or ha 
and that the. equiv^ent in acres- be added in parentheses' on land 
survey plats and plans; - 

Resolved, . That, wherever possible, all field surveys be executed 
^ with metric equipment and be recorded in metric units; ' ' . 

Resolved, That land surveyors join^ their state societies in assist- 
ing the public, their clients, attorneys, realtors, architects, and 
engineers in all relevant metric conversion matters. 

In addition, the, resolution was Adopted by the New England Section of 
ACSM at its meeting in May 1980. ' • 

The Florida Society of Professional 'Land Surveyors is represented on 
the Floirida Metric Council. In 1978 it published the Florida Metric 



The U.S. Geological Survey has commenced publishing\japographical 
qijtadrangle maps at ^atio ' scales . shovrtng metric contour elevations in 

cooperation with several states.* ;' ■ " 

■ . > * ., ' ^ - . 

• The National Geodetic Survey /c^r NOAA is cjtirrently advising and assisting 
sta^te six. ">yorsT societies in adapting legalized state plan .coordinate 
'..■systems tu'SI. 

Many surveyors in private practice have begun to include meter/ feet bar 
scales on their drawixigs. Also, the addition of square meters to the 
custoniairy square footage abjd acreage of land is being added to land sur- 
vey, plans. A few ^ surveyors^' have begun to show distances *6f boundaries 
in meters. Generally, it Hais been agreed that land title, records be 
converted only wlien a new survey or subdiviision takejs place. ^ 

The ssponse concluded: 

• ■■ ' *■ ■ ' " ' 

"•The problem with surveying is that it is dependent upon the 
cbdperation-ahd donsent of the legal profession, the real estate 

' industry, -architects, engineering and construction clients. As 
long as it is a voluntary method, it^my become a matter of indi"* 
viduai. preference and may lead to undesirable disputes between 

y various us^rs of surveyors', plans.** 

The orgtoizatiori has a metric committee and Mr. Gunther Gtuelich is ilts 
Chairman. * 

American Hosp^jtal Association. This association has monitored two aspects 
of metric coifversion: (1) the impact it would have on any management or 
operational Kfoncem in hospitals, and (2) the effects it would have on 
the health facility. Although it, has issued^no material or publications 
to its members, the American Hospital * Association is, highly interested 
in other organizations that have developed ixseful guidance in the metric 
conversion subject area. 

The American Institiate of Architects. The American Institute of Archi- 
tects (AIA) n^^etric coordinator is Robert T Packard, of Washington, D.Cv 
Following is the AIAi policy on metric conversion: 

**Policy Statement Ttet the Board of Directors of the American 
institute of Architects supports the Metric Conversion Act ,of 
1975 (PvL. 94-168) as related to the construction industry, and 
further urges that the metric system be adopted as the national 
standard of . weights and- measures in the United States of America**** 

An **AIA Metric Building and Construction Guide** has been developed and 
was published by Wiley Interscience, Inc. A metric sounding board of AIA- 
members •interested i^^^ process has * been established^* - 

These members are*. kept informed of metric events j and individuals are • 
asked to 'attend and report: on metric meetings affecting the construction 
'industry. , • . ' 



ERIC 



/^i^ at its- May 28-30, 1980, meeting adopted the 

.• "The Board of Directors approves the ANMC/CICC Metric Conversion 
Timetable fot thie U.S. Construction Ii^dustries establishing 
January 1,. 1985 as the date\ on vhich metric construction may begin 
in the .United^ States.- / . . ^ 

Anierlcan Insurance -Association. {jJi€" American Insurance Association lias 
no metric publications; however, staff members have attended meetings 
. of the American ^Jational Metric, Council and it does have an interest in 
metric conversion. ] . 

American Iron and Steel Institute. The American Iron and Steel Institute 
(AISI) has had a Metricatidh Planning Cpmmittee\for some years. It has 
been concerned primarily^-wiith : metric issues such as proper use of units, 
. qixestions af precision and training methods, which arise in pi'ocessing 
steel ordered in the metric system through; the plants — from order pro- 
- cessing to shipment. It has published a Metric Practice Guide. 

. ■' ■ '\ ■ . ■ '.'.•: ! ■.■ - • * ' '* ■ . 

— American Plywood Association. The American Plywood Association ij^s a 
TCtric advisory coimaittee which, has recommended the metric panel size 
of 1200 x 2400 mm for sheathing grades of plywood. The committee voted 
.tdr recommend panel thlckneiss designation at the lower end of toler- 
• ancek-^o minus tolerances. Metric equivalencies for plywood sizing 
,were also adopted. Work is tinderway. on metric thicknesses for sanded 
■panelsv'*.' 

; American Society for Testing and Materials. The . American ISociety ' for 
^ Testing and Ma:terials (ASTM) lias a Metric Practice Committee— E43 — whose 

proposed scope is: ' 

■■.■.»•. " ■ . ■ . ' 

The. committee shali^develop and maintain standards relating to the 
modern metric system^ -(the International System of Units, SI) ^nd 
i|:s use. To facilitate carrying but this function is shall main- 
tain a continuing .sux-veillance of activity and practice in metric 
• .Acceptanc^e and use. Tte committee will provide advice and coordi- * 
nation on metric practice in standards: and other publications for 
) : other AS1?I technical committees. This ^committee will coordinate 
A y '.]: . its work wit:h that of other organizations having mutual interests. 

- The Shelby, NC. The ASTM has pub- 

^lished ^eTC^ included in Part 9 of this reports ■ 

tliar S t units of measurement shall be inc V.uded in all ASTM 
: staiidafds a.rcompanion standard in 'ha,rd* 

•.metricVuiits.:*^.-.-'^V;^- ■■; ■ ;^ ■ '•' 




In addition to the getieral policy of ASTM "to include metric (SI) unit, 
in all of its publications,- /he main national standards committee in 
the United States dealing with >uilding standards— Comxiattee E6, Perfdr- 
'mance-.. of Building Constructions — :faas ^established the following metric 
policy: 

* • . " • • 

•^6 standards (old and new) submitted to Society for approval shall 
be wtitten henceforth vith SI units and U.S* Customary in brackets, 
e.g., 100 ram [3*94 in.] or 25^4 um [1.00 in.]. -Hard or soft convert 
^ sion r«nains the prerogative of the subcommittee writing the 

^ standards;^ . ' 

American Society of Heating » Refrigerating and Air-Conditioning 
Engineers. The American Society of Heating, Refrigerating and Air- 
Conditioning Engineers (AS^^^^) a standing metric committee, which 

meets twice a year and is active in educating society membership on 
metric conversion. All ASHRAE publications will be in dual units com- 
mencing in 1981. The staff metric coordinator is Thomas C. Elliott, 
New York, IIY^^ and aSHRAE's metiMc policy is as follows^ 

All ASHRAE documents \i)ublished after January 1, 1976,^ shall 
be prepared using only SI units, or shall be prepared using 
dxial units, i.e., SI and- conventional units, with the sequence 
of uiiits left to the discretion of the author or editDr. 
Exceptions in Handbook volumes,^ Standards, ^and special publi- 
cations, may be authorized by the responsible ASHRAE Metric 
Committee. ' _ 

Ebccept where difficulties would be encountered-* in achieving 
the stated purpose, the Handbook Series^ starting with * the 
1981 Fundamentals Volume, shall- be published using dual units. 
Chapters presently utilizing SI metric only shall remain so. 

Exclusive use of SI units shall be required in ASHRAE publica-' 
tions when it is determined by the Board of Directors to be in 
the best interest of the membership. During the transition 
period, , the Metric Committee will continue to disseminate edu- 
cational materials to prepare the membership for the ev entual 
exclusive use of SI units.** . • ^ . ^ 

American Society of Mechanical Engineers. The/, American Society of Me- 
chanical Engineers (ASME) has no metric coordinator; however, it has a 
metric' consultant who serves as secretary of its Metric Study Committee. ■ 
The ASME is the sponsor of the Boiler and Pressure Vessel Code , * and pre- 
sently has. no plans to publish a metric edition. Following is ASME's' 
metric; policy (as updated in 1977): vf, 

■ ■ ■;• ■■ .• / ■ . ■ - . ' ""'l 

/ **The Society suppprts a. coordinated voluntary national programr^bf 
- * conversion to, the 'International System of Measurement. ASME will 
cooperate with other organizationis^ and societies in implementing 



**1. 



2. 



35 



-this poli-cx^ The ASME inteiT>retatidn of SX is contained in ASME 
Guide SI-l, ASME Orientation and Guide for Use of Si-Metric* . 

Ail works, papers and periodicals" published by the . Society shall 
V^^^'^^^r^ to be in the International , System -< SI). Customary 

units may alsa be included* 

^ . The Council directs the Policy Board, Codes and Standards to assure 
_ r . that CoSes and Standards shall be published in SI units at the 
appropriate time as determined by industry, .government, public and 
society needs consistent 'With national plans for coordinating acd 
^^v' V managing development of SI Standards. ; 

/^''Ijix^ . ' - ; ■ . 

^; >;;^i£erican Society/ of Photogrammetry. The American Society of Photogramme^ 

' iqK^^ the following statement in the Foreword to its publication 

^Ai^^^^^ Society of Photogrammetry Usage of the International .System of 

. ^ Unlts^^' - . 

.:*Ur^-i]k1^£ policy of the American2>, Society of Photogrammetry to 
' ••.promote simplif tcation and uniformity in usage of units of measure- 
merit by * cooperating .with other organizations in establishing common 
V us^ of/ :the•^^: I^^ System of Units (Systeme International 

dvC^J^s) with the abbreviatiqn SI and popularly known as the 
' 'm^i^Trtc system, ' and to use , this system in all of its publications. 

liS^df^^^iadard was prepared by .the ^ta^idards committee of the 
Tim^icic^^ Society of Photogrammetry to promote .use of the Intema- 
: tional System of Units, to make the policy of the Society known, 
^ and to make the' rules of use . of the SI units readily available to. 
• the members of . the Society." 

This, standard- is largely based on and generally teoJinicaily consistent 
with Standa^ci 1000 of the International Organization for "Standardization. 

American Society of Plumbing Engineers. This SocieC^y uses dual ^nits 
in its publications entitled, "Data Book, Volumci I, Fundamentals of 
Plumbing Design, - 1979^1.?8p Edition, and "Solar ' Energy System^ Design, " 
as well as an appendix on SI unit conversions. Customary units are 
shown first, with SI "soft" converted units in parentheses. The Society's 
metric coordinator is A. J. Morales, Sherman Oaks, California. ^ . " 

■ ■ ■ ^ ■. " \", • . . . ' * ■ 

American Standard/U.S. Plumbing Products. This organization uses- dual 
dimensioning on . cataloged products and its metric coordinators are 
J. S. Genovese and J. H.. Bauer,. New Brunswick, NJ. In his response to 
the ±nquiry Mr. Bauer stated; "As a •meiid>er of a subcommittee of CICC, 
we have agreed to accept the tentative schedule tANMC/CICC Metric Con- 
version TimetsLble] put forth by CICC." , ^ . ^; 



Associated General Contractors of America. The Associated General Con- 
tractors of America (AGC) has. the following metric policy: 



-•••If the (construction) industry is "ta go. metric, a hard conver- 
slon is recionuQended where there is an economic advantage (e.g., 
reduction of number of sizes). /This means 'that the sizes of build'^ 
lug products will ""change; . Lii order to insure , sensible change^ sizes 
will have to be ^coordinated and ratit>nalized. hard cbnversion 
properly handled, involving dimensional coordinatJ.on Is thus neces- 
sary if the- building and construc ti o n J tofj^istry- is to realize any 
advanrage rfrom metric 'conversion.^** -^^^ 

*•.••* ^ . 

The AGC has taken * no position for or against metric conversion. The 
' AGC has had a* loetric conversion committee since 1974 and Campbell Reed, 
Wastiington, b;C., serves as its secretary. This committee has recom- 
mended support 'of^ and participation in the December 2—3, 1980, Metric 
Syi2^6sium. 

Association of Wall and Ceiling Industries - International. This asso^ 
Cia" on has published no data in the- metric area; It has established 
recently .a task group on metric conversion from within its Technical- 
Committees. Mr. Gene Erwin, Washington, D*C. ,* is responsible for Asso- 
ciation metric activity. ^ 

Bethlehem Steel Corporation. Bethlehem Steel has the following metric 
policy: ^ ^ J- * 

■ , ' ■ 

**Bethlehem Steel recognizes that the metric (SI) system is to becojae^ 
the predominant system in the United States. We intend to sjippl}^ 
metrfc-rdimensioned products to our customers when it is practical 
to do so — rfrom their point of view as well as .ours. We intend to 
remain ' fully, aware' of the progress being made by oui; customers in 
implementing their metrication programs in ordeir that we can do what 
'is necessary at th^ best possible time.** • 
* r • ■ ' ' 

Tne -Corpcration has had a Corporate Mjetrication Committee since 1973. It 
is chaired by A. G. Oudheusden, Bethlehem, i?A. The Committee is composed- 
* of department heads and its- pui^pose is to study and make recommendations 
for converting operating procedures and . practices, processes, facili- 
ties, productfs, etc., to the metric (SI) system so afs to supply metric- 
dimensioned products when .market demand dictates. ^ 

Bethlehem can accept and supply metric orders for^ flat-rolled steel 
products. Other products can be supplied on a soft converted basis, 
i^e.; structural .shapes, castings, forging, etc. Structural bolts can 
be supplied to metric ASTM specifications. 

The Chairman .of the Corporate. Metrication Committee summarized, ". ..we 
have seen little interest in metjric conversion so . far, except for a few 
large st^ed ' customers with ■ worldwide operations in the automotive and 
equipment areas.** " - • 



f"^? °!°f^ Products Cor»ora»,>n- ' The Presideni of Bliss Steel has been 

Self thl"r','" °» Corruption Industries ciSrd"i«n8 do" 

jaiccee of the American National Metric Counrii TtC^i^^a ' ^ ^ 
<^^A^l»^^ '^TUa: ixcutic v*ouncix» in nxs response^ he 

SIS :eSlre"j^l"fdlS ^^LT^/"""" the Jtrl^atlon 

Brick Institute of America. The Brick ^ Institute 6f America (BIA) has 
- ^J°^ T'^'" Its Engineering and Research Co^ttee fs" act- 

ing as its Metric committee, with Alan-H. Yorkdale ^ McLean^VA ™ 
as coordinator. The response from the BIA incr^Sd f ol^^^^^^^^ 

'"Approximately thr^e (3) years ago. the bricte industry of the^ Unit;d 
IT^I surveyed by the Institute. The general questions related 
con::'slL"""' °" -^^-nsionar coordination. ..along -wXh Ltric 

The result of the survey indicated a general wait-and-see attitude • 
with approximately 80 percent responding that 'when^^nd if ^conve^ 
slon came about.' they were willing to convert to' dimensionIS 
coordinated metric size units. ' " oimensionaxxy^ 

^duLJ^"^T-/°/°^^ all manufacturers who are iiowlaking 

SeWtf' vStM^lh""^'? -"^^^ •me'trl^ modular^ 

staJdard^ ' An ..V tolerances of the material ipeeification 
'and^^? ;i ^ .TV^ than 'standard' size are now mbdular 

and will also satisfy "metric modular. ' 

There are. of course, several 'special' sizes, mostly regional in- 
manufacture and market area. " , s.Liy regional m 

Bulldinf^ Of flciais and"Cod¥:MilH¥g^^F; ^ ^ E 

cutlve Committee of the B uilding Officials an,^ rr./. t 
IntematlrtTsai Tr,« fTtnrA\ "-^"^"S urriciais and .Code Administrators 

Sne^79 kn^l ''^'^^^^^ ^"^^^'^^ °^ "^^'^-^'^ -Conversion in 

June ly/y. Final action on this subject was to be decided at the 1980 
^ual Conference, with results in the 1981 EditiS " of the Basic 
Building Code Basic Plumbing Code. Basic Mechanical Code, ^s^c FirJ 

Prevention Code. and . Basic Property Maintenance Code. The chkng^ Si be 
a soft conversion. "<^6c wxxx oe 

Business and Institut ional Furniture Manufa cturpr« Association Thi« 
Association ha s. a Metric Conversion Subcommittee whLh ir a part of ^t! 

^^^^:s'^V'T''^^' °^ t'hif ^socia'Sn°cou' 

^r^ZZti:^ """^ construction industry or the. metal or 'wood 



1 • » _ 



ERIC 



s^dards . regarding desks, office;^panelsV and partitions, and 

lounge furniture in dual ,t^t:s. - , . — - " - 

w. .■,.„..,.„.V.i^n^ jn^ |975, Carrie^. Corporation 
■had a. metlltf policy an* pi^e*.. responsibility^ "L. Lvx,. rh. tv-roorate 



^^^^^^ the corporate 

-:- dWlopiiKnt and ,coordiiia^on|eTOcM ^carrier— Carrier International 
■ •En^«rl^:fonction^_^^^ ,1^^ „ ^et 

£3™a/uoUl Taylor, Ell±otx .Opmpany,,J^^^ . , 

: .-^.„„.,;....el InstiAte^ Thi^ ins n« ^.sne 

■ IS^Sn^^n^y^"- B^^=S..r A-.constrnction..i;i 
be in dual units— metric and. English. 

The response included the foUowinglstateiiient: • 

. ■ -our' ^ cannot J-u^ Ut^c^ s^s nn^l i^^^^eives orders 

(2^ the -Federal government requires al^construction it 
CZ; tne 'eo^rax » graiies. When^er these conditions are 

to he in metric sizes W J^^^ ^^lI , be quite rapid as substitution 

is not-diffict^lt," ^ 



met, conversion of our industry 
of present ^sizes from inventory- 



Copper Development Association. 



Gypsum Association. The 
consisting of 16 members. 



. Mr. Arthur Cohen, Supervisor of ^tan- 
.dalcksand Safety Enginee.lug, New yrlc. New York, serves as the focal ^ 
pJint for metric activities for. the Association. 



Gypsum Association has a metric coinmittee 
The Committee is chaired, by R. P. " Entz, of 

J. lie wwm* r^nU ftf 



..^ -TT - Tts^vice^Thai^^'Vnd "secretary are D.L. Cook of 
Des Plaines, IL. Its vice '-"^^"^ respectively. The Corn- 

Dallas, TX, and H.B. Carlsen of E^anston, IL, respectively 



gypsum products and soft converted 



mittee has developed a ^^^"^^^^ °^ a position paper opting for a 

.their sizes to "^^ric equivalents. I It tes a posi^^^^ if'^n.etric is a46pted 

soft rather than .hard conversic* 4 ^•^'^'^^ ^s! Metric Board call for. 
i. the united States ^in r^^^^^^^^^ -P"^— ^ 

S^^^fheTbTec?^^^^^^^^ 

--^-dfcer«^^ — - ---^ 

4-inch module. " 




Engineering Department has had \ no diffj^culty in handling occasional 
InquirLeis in St units^^llie organization ^belongs to the Aif-Conditioning 
aii4 Refrigeration Insti^te and this Institute's standards are published 
Ini di^ uxti^ at. present* ' < - - 

- • ■ * ^ . *" ' J' . 

IiiifflyfTTiating Engineering Society of tlorth America* The Illuminating 
Engineering- Society (lES) adopted a policy in 1979 to use SI units as 
primary units in its new^.reports and technical publications* » Inch-pound' 
uxiltS' are sliown in parentheses for soft (exact) conversion and in 
brackets for £ard (approximate) conversion imnediately ..after the SL 
units* The lES Lighting Handbook is being revised (19ap) and will con- 
tain SI units ais primary- ui^its and, where possible, metric values wfll* 
be nominal values*^ . ' . *^ 

■ * ■ ■ ■■ • • . • ■. ■ •' 

Interior Design Educators Council* The organization has ,not taken an 
official position on th^ use of the metric system in teaching design. 
• However^ some of its members do 'ieach' some <jf their design ^problems in 
the metric -system* "The contact person within this, organization is 
Mr* Curt Sherman, Richmoiid, VA* * " x ^ 

• International Association o^f Plumbing-'and Mechanical Officials* -^ The. 
Intemational Asssociation of P3,umbtng and -Mechanical Of ficials (lAPMO) 
metric . coordinator is John- Meac'hkm, Los Angeles, CA* The lAPMO added 
metric equivalents to its Uniform Plumbing Coi3e in 1977, and they are in 
the cufrert edition (1979)^ of the Code* In addition, metric equivalents 
are contained in The Uniform Plumbing Cod.e? Illustrated Training Manual 
and the Unifojrm Solar Energy Code* . Other codes will be brought ijito^ line 
as time permits* • . ^ ■ - , ■ ^ 

International Conference of Building Officials* The International ■ 
Conference of Building Off icials (ICBO) has drafted^ for internal use, 
p*rdi)osed r^^sions to its co!des and standards, in expectation that it 
she»ld-b<^^ead:y .to integrate metric units into the publicatfbns when the, 
onstruction industry in general, has signaled^ it is ready^ to 'proceed. 
ICBO '^contact person is Donald Watson, Whfttier, CA* 

' ■ , ^ ■ ■ . ■ - , ' ... v 

Manufactured Housing Insitute* The ManufacturedJJousing Institute. (MHI) 
has taken the following position relative to detrlc conversion:- 

-The Manufactured Housing Institute (MHI) supports the principle of 
metric conversion hut defers to the. site-built housing component 
» of the : shelter industry in pursuing change-over* MHI sees no com- 
■* p'elling reasons to expedite .conversion, although/ tfeere apj>eafs to 
* be a consensus that benefits of total conversion should ^outweigh* 
the nominal direct costsi"* - _ 

In addition, ^the ; response incljaded MHI's Metric Conversion .Concerns: 

Considerable planning and coordination must precede conversion** Manu- 
facturers will have to w6rk 'closely with suppliers . of raw materials 'and 
flnishedw components. The transition period may difficult, for example:. 



!• There is a tremendous amount of technical documentatiou that must* 
republishedV* Standards that have taken ^ years to evolve through jthe 
consensus process will have to go through it again to resolve which 
.' . • way Xo round ' of f measurements.^ The "cost of replacing entire tech- 
nical libraries must also be Considered* • 

■ ' * ■ ■ . ' . * , - ■ 

.2. ■* The . materials purchased by the industry will not all be available 
simultaneously, in the metric system. Therefore, there will undoubt- 
edly be periods of phasing out of English system: materials and* 
phasing in of metric materials. This will require periods of dual 

.dimensioning and dual inventories. 

■* ' ■ • - ' 

3* The ' Interxiational building^ module of 100 mm and selected multiples 
sounds simple enough", but at some point in time standard jois,t, 
stud, and' truss spacing must , change from 16*^ (406.4* mm.) to '400 mm 
(15-3/4''). -We^ will have to use, up inventories of 48" wide sheets 
of plywood, part icleboard and- ceiling panels. . 

4. The» dual dimensioning problem and **change-over date Is not just a 
problem of purchased mate.cials ^nd inventories. * It has significant 

■ impact Qn plant production jigs, fixtures, and tooling as well. 

5. Retraining people will be !a significant task all by itself. Teaching 
• nontechnical people -is sometimes difficult. ' Thie" retraining will 

involve not ojily the unskilled workers in. the plants, but some p'eople 
who might be considered as having a reasonable education including 
' inspectors at all- levels. - 
. ^> ^. . ^ ' 

6. The Metric Conversion* Timetable comes as somewhat of a surprise. 
The dates shown; indicate that the development of basic metric stan- 
dards Is well und^erway, biit we have not yet seen any of .them. 

^Perhaps the schedule has slipped. * ^ . . - 

Mechanical Contractors Association of America, Inc. ' This Association 
has a . Metric Coordinator, Thomas K. Whitesel, . Jr. , Washington, D.C. 

Mbbil Research and Development' Corporation. The Mobil Research and 
Development Corporation- has* a. metrip commit^tee and its Corporate Metric 
Coordinator is- F. E; Ray of Princeton, NJ. •. In his response to the in- 
quiry, the Metric Coordinator voiced a concern that there were no process 
plant . constructors participating in the Construction* Industries Coordi-: 
inating' Commit tee of the American National Metric Council. 
"s .-■ ' • ■' "■ * ' . ! ■ \ 

Monisan to ^Company. Monsanto follows prevailing practice in the country 
where the facility is' being const met ed.» When special .purpose equip- 
ment desired '..and built in a. V^tric** country is used in the United 
States^vin : some i cases **inch/pound'* drawings are made tp . facilitate 
installation; in other -cases the construction* people interpret and 
foXlow' the metric drawings, as supplied. , ^ ^ 



Monsanto does not. feel it is ips role to oioneer the use of metric SI 
unlt& in the construction industry, but is prepared to move to the metric 
^ system if and when the U*S. construction industry does so. 

NatiSnal Association of Home Builders . The ^oard of Directors of the 

\ National Association of Home Builders (NAHB) passed the following resolu- 
tion relative to metric converison on May 15, 1978: - 

Construction and Savings' Comnfittee 

"WHEREAS, all** industrialized countries other than the United States 
have, adopted J or are in the process of adopting, the metric system^ 
-as their sole method of measurement; and 

I ■ 

J * ■ * 

WHEREAS, there" is increasing discussion from within the United 
^ States and . abroad for the United States to^. establish a program 
incorporating a timetable for converting from the English system 
to the metric system; and 

WHEREAS, the United States Government has enacted .the 'Metric 
Conversion Act of . 1975'" which declares a national policy of coordi- 
nating the increased use of the metric system; and 

WHEREAS, leadership is needed within the construction industry to 
implement metric conversion when it occurs; and ' ^ 

WHEREAS, various' agencies of government are becoming involved in 
metrication which could possibly lead to taking the initiative. 
^ away from the private septor; and 

WHEREAS-,, the potential savings* to. the construction industry are 
enormous, by an orderly conversion, ' ; * 

■ NOW, THEREFORE, BE IT RESOLVED that NAHB * support the American 
National Metric Council's initiative in channeling and organizing 
the pfcivate sector's effort' to date in making the ultimate change- 
- o^^ to the metric system an orderly and beneficial one." 

The NAHB has been involved with metric activities for Several years, 
has had representation . on the Board of Directors of the American 
National^Metric Council, as well as a number of Sector committees. 

The homebi^ilders are concerned, with the lack of documented evidence ^to 
prove claims of • savings to. the . construction community. There is con- 
cern that a conversion may cost the industry a sizable amount of money, 
because of the* complexity of 'the industry's make-up. 

The NAHB staff persons, assigned responsibility, for metric involye'ment 
are Robert Boras . and Milton Smithman, both of whom are located at NAHB 
headquarte.rs in: Washington;- D.C. 



Mr. ^isithmaa concluded his reply with: 



/Tife sincerely support the conference which i*^o be sponsored by 
'.the National lostitute of. Building S^ences on the suyje/tt of 
[Metric ^Conversion in the Cofistruction Industry]. We belfeve it 
to 'be ^ very • constructive to air the issues both pro and c0n " with 
the participation of all. parties involved. Hopefully, this con- 
• ference will result ultimately in some- sort of "unified position." 
^ ' _ • • ■ i- * ' ■ ■ 

National Concrete Masonry Association. This association responded nega- 
tively to the - inquiry and the response is inclctded here' in ' total. 
, . ' ■ • * ■ • . . . ■ • . • ■ 

'*Our organization has been against metric conversion from the 
beginning, ^arid the more it is studied, eispecially with t1ie Canadian 

experience now^in progress^ our position remains iinctianged. 

•* • ' ^ - ' ' " * . . 

''Since our . product • is. made cind sold only, in the. U.S., we see., no 
advantage to changing to metric. The costs to convert to metric 
will* be in the order of $140 million with most of the money being 
spent rather quickly since all the molds which, are usecl . for the- 
mnofacture. of concrete masonry . would * have, to be made anew. There 

' are currently about 1500 'different sizes and, shapes of concrete 
masonry being made in the U.S. ^and one 'concrete masonry manuf<ac- 
turing' plant will normally make . from .50 to 200 different sizes and 

^shapes. ^ ■ ' . " . • / ' ' : ■ . 

"Our organization prints more . literature on concrete n^sonry than 
. any other in the world, and we Employ metric designations in most 
of our literature since it iis read all over the world; Therefore, 
we are- not unfamiliar with metric dimensions - or its problems'. 
We find countries which have adopted metric sizes have liad. problems 
on. agreeing *oh conHnon dimensions ^o .metric is not an answer -to 

•being in step with the world. 

■ .- ' • .•'"•.■■■■* • . - , ■ 

"We are staying Informed^on metric progress, and view with alarm 
how. quickly some industries are adopting the principle. For inter- 
national organizations, there is merit in going to some type of 
metric scaling, but for domestic organizations, the costs of con- 
versions are horrendous without much economic benefit. 

"We will have [a representative] at the meeting in December, biit 
not as an advocate of metric conversion." 

National Electrical Contractors Aissociatlon . - The Metric Coordinator for 
this association is Charles J. Hart, Associate Director^ Services and 
Codes, Washington, D.C. In his xesponse to the inquiry, Mr.' Hart stated: 



V "•...the National Electrical Contractors Association does not bej.ieve 
that it , is In a position to either promote or to impede metric con- 
' version in the construction industry. , If such conversion is deter^ 
• mined, we believe that it should be orderly and coordinated.' We are 
members of the. American National Metric Council and participa/te 
* in* several -sectors of the Construction Industries Coordinating^ 
. . Committee..'* - ^ • ~ , \ 

National Forest Products Association. The National Forest Products 
' Association published a booklet entitled, "Lumber and Wood Products 
Metric Planning Package," under the auspices of the Lumber and Wood 
Products. Sector Committee of the American National Metric Council. In 
his response, the Vice President of Technical Services of the Forest 
Products Association' stated that the wood industries' steadfastly held 
to -a policy of non-advocacy of metric conversion throughout the devel- 
opment of this booklet. After its completion, the Sector committee and 
its components decided to adopt a holding action pending a positive indi- 
catioii of metric progress on the part of the Federal government or the 
construction industry. _ 

National Society of Professional Enginieers. The National Society of 
Professional Engineers is ccmStftned with the professional^ rather than 
technical, aspects of engineering; therefdre, its primary role -with 
respect, to conversion to the .International System of (metric) Units 
SI, has been . that of. encouraging orderly transition and furnishing 
information to the membership via the Society's publications. 

The Society has adopted the following prof essiona.1' policy: : 

"PROFESSIONAL POLICY NO.' 102-C ' > ' . • ■ • 

' METEUC SY.STEM — CONVERSION ; TO '• .' . . . . . • . ; 

The National Society o£ Professional Engineers, recognizing the- 
advantages- inherent in use of the metric^ system of ; measurement, 

• endorses the principles einbbdied in. the Metric Conversion Act of 

' 1975.' . . ■ ■ ■ . _ ■ ■ ■ 

in implementing th^^ Act, NSPE supports full conformance with the 

SI metric standards ' of the International Bureau of Weights and- 
Measures an* jLn the . -inafctfir ^ ^^^^ of 

. consortium^o'C^gl^sh spea pf thd world. - . . ■■ 

^ NSPEluir^s.l't: members, c^^ state societies ito provide 

, any.4ssl«tance it^ rapid conversion to the metric 

• s^stem 'withiTi the TJni \ • 

Portland Cement •Association. The" Portland Cement Association (PCA) has 
a.;Metric Committee whose principal, oiijectives are to: 



o X*^ ^;prpv^^ tecrlmical* ass^ tor . the Canadian Portland Cement 

: : ; : f rom tim^ to time : be requested to implement their 

l^C:^ to promoting U.S. 

v;^: m^^ 'notify our member 

A> : . conq)aiiies on\'c^ - - ' 

3»; evaluate: the probable dLmpaict on JPGA operations which may eventually 
resultr from IJwS.' • . <^ - ■ 

4. vsplaii:: metric conversion^ but only 

at: such; decides to-^onvert and a 

3Sie:;PCfl^ ^ 

; :bev <^ however, that PCA does not in any 

' >^ industi^, nor d6es it 

'reprvMignt:^^^ any: matterfi 

; ; concfe^^ Metric policies^ : plamninji , and pror- 

^ ■ ^gis^^ 
- iaclSb^ 

- coiisensiis^^^^^ metric conversion has not. been 

'^:e;stabilshed.^7-^ • ^ \; ■ ■■-■ri^'' ' ' 

• "The PCA has reses^ hard metric publications 

and- 4€^ign aids for the; Canadian cement interests. All publications 
written since 1978 contain soift: conversion of £nglj.sh unlt&i^^ 

Prestfressed Concrete Institute. The Pres tressed Concrete institute (PCI) 
has a Metrication Con^ chaired by Douglas C. Jeffords bf Nashville; 

^~Sir^"-^.i-Dai^ .Chicago, XL is PCI^s Metrtc Coordinator. 

PCI has irhe following inetric policy, dated January 1978: 

^ThePrestressed Concrete Institute endorses metric conversion to* 
• — - the JSi^^syst of xneasurefflents. It is imperative/ that the qonverr 

. slon be* d^^ in order to mini- 

mize\tl]^e Vd as 

well .asT to assure >tte^ standards adopted for use in * 

» ;^;the^ pre^tressed^ to compatible. . Hence, It^ is 

, i the poM the -Steps being*. 

• V taken : tow£u:d7;^^^^m^ construction ; industry with the ' 

\^ and achieving: reasonable and 
; ; ::wdrkabie stainda^ 

In Te^c^ Included the following **Initial 

Ste^^ f Policy on Metrication: 



Air new*. PCI publications including PCI, periodicals will have soft 
• . conversions, i»e», metric equivalents in parentheses, metric scales 
_ . . on jgraphs where feasible, and metric conversion charts* 

2* .When existing publications are revised they shall, have a soft 
cdkversion* 

3. PCI shall adopt* the 100 millimeter module as a basic unit (approxi- 
mately 4 inches). 

'■ ' • ■ ■ ... • 

4* PCI- shall adopt a basic panel size of 1200 x 2400 millimeters 
(approximately equivalent to 4,0 x 8;0 feet). • 

5. The Standardization. Committee shall be directed to use this oppor- 
tunity for the rationalization of a reduced numter of shapes. When 
reviewing and cataloging this information, it shall be looked at in 
both hard ^ exact) metric units and customary (English) units. 

^.6. PCI shall expand its educational activities to assist the members 
in evaluating axid understanding metric conversion, and the' SI system 
of measurement. ^ - 

7. The' Metrication Committee shall be responsible- for developing a 
hard conversion metric plan and* schedule and recommend the appropri- 
ate time tor implementation."^ . 

Quaker Maitf — A Tappan Division. This organization is* awaiting. the 
resolution "of differences * between the paneling plywood industry and 
gjrpsum paneling industry. One industry is ready to convert to a 1200 x 
2400 mm panel, while ""the. other wishes to* maintain the 4' x 8' measure- 
ments Until these differences are resolved, the cabinet and appliance 
industry cannot proceed, . as many cabinet dimensions have developed over 
the.years to efficiently use 

Red Cedar Shingle and Handspjit Shake Bureau. . To date^ the extent of 
this organization's metric activities ds the inclusion of metric units 
on i:he labels of bundles of shingles and sh£^ i*e., 

16- X 5/2- (400 mm X 5/50 mm) ^ - 
24- X 3/>t- ' (600 W x^ 1^^ 

Society of i^erican Itegis tered Architects. This Society responded 
saying; several years a representative has been attending 

ieeting^J^^ the::^^^ Construction ^ In dus t Vies 

Cpordijik^ C<MmQi£t±ee -the' ^ ; Ainericari : Nat ibnal ; Metric Counci^. 

Bernis^ Coordinator .aid Rfepresmtativ^e 

^for:;•^the":'Socxety - ■ , \ 

Sbutfern^ >gudading ^ ^ . Intematioiial^ • Inc; > The. : Sbuthe^V 

Building ^de:>Qpn (SBCCl) has no- formal vtiiie-- 

tatle; f or : cbny the Indus try itself 's 



provide information -and .guid^^ on which units it will convert to* A 
Utitx^ all 1979 editions of the Standard 

Cjodes^ and SBCCI Incorporate metric units in Research 

and Coiiflplian^e^^^^^^^ issues on products and materials. The SBCCI 

Board is -considering including soft converted units for nbnindustry 
dimensions in its 1982 Standard Codes; i.e., stair dimensions, heights 
and areas, door widths, etc. • 

Tlshman Research Corporation. - The Tishman Research Corporation has 
neither a metric policy nor a cetric coordinator* This organization 
posed questions in Its res;ponse to the inquiry which are answered at the 
beginning of Part 2» 

] tJnderw3Atetfs' Laboratories, Inc. ^ In 1972, Underwriters' Laboratories, 
liic. began including St^^^T^ tq the stated customary units 

In - its > /Standards for- S^ety. Most standards include- soft converted 
units^; however, when the involved industry expresses the need, hard- 
converted values cure used. 

Union Carbide Corporation^ Union Carbide * s Metrication Coordinator .>is 
C.S. Hlnesi South Cte Jt has a metrication Steering Commit- 

tee i/hlch includes ^^^^^c divisions and functional:' groups. - The 

\Steerlng Cbntottee close contact other- 

wise by telephone and Metric Bulletins issued by the Coordinator*. . Some 
of its executives have had overseas experience and are familiar with, 
international use of metricv TJnloia. Carbide produces and sells some prod- 
ucts in and is preparing to do so in many 
remaining products.^ Market, demand and other considerations determine 
the -timing of implementation of Union Carbide *s metric conve.rsion plans. 

- United States Gypstim Company . This : company :has a major concern with 
the replacement of the 4-iach -module with the 100 mm modixle. It is. 
opposed to hard conversion of panel; .tile, and. block products. /It- 
opposes neither "soft conversion" nor '*hard conversion" ; of non-rigid' 
pjroducts which are sold in bulk and/or packaged in bags, boxes, cans or 
similkr volumetric units. \, ** ' . y 

ij.S*. Gypsum established a corporate policy in 1978^ as follows: 

"United States Gypsum Company recognizes the apparent inevl^tability 
of the; proposed use of metric (SI) units as a replacement for those 
units such . as inch, pound, and foot, v generally, employed in the 
United. States. / ^ 

. The conversion of rigid materials to "hard" metric sizes based on 
the 100 mm module is not believ^ to be in the best interest of 
the Company, the construction industry, and the public in general. 
The manufacture of gypsum, wood and mineral fiber products in sizes 
based on the 100 mm module^ would ^result in smaller sizes tl^an are 
presently produced with the 4- inch mod\ile and * therefore a loss of ; 



mauufacturdLng capacity, an increased use of energy, and a require- 
ment.for addit'ion labor for installation.- Therefore, it wxH te 
Compahy; policy to sujpport change on a "soff conversion basis only 
on rigid products. In anticipation of such change, labels and 
literature will have metric values iadded at suchr time as revisions 
are made normally. 

Conversely, 'hard' conversion of products sold by weight or voluine 
such as building plasters,, joint compounds, fluid paints, and 
adhesives .would have little effect on capacity and therefore could 
readily be ^ converted at such time as metric is accepted in the 
United States. Company policy will be to accept 'hard' conversion 
.of measvirements for such products.** 

The Company ccrties dual labeling on a large percentage of its products, 
much of its literature and all research reports carry dual unxts, and 
it is presently converting asphalt roofing shingles to. hard oetric sizes. 
Mr. Rl P. Entz of Des Plaines, XL is the metric coordinator for the U.S. 
Gypstm Company. 

Weyerhaeuser Company. Mr'. Jack Firkins, Tacoma, Washington; is the 
Metric Coordinator for Weyerhaeuser. The company has issued a We^- 
haeuser Metric Practice Guide. Its Senior Management Committee adopted 
the, following policy in 1976* 

-In recognition of increasing intem^ional trade, the national 
policy of increasing metric use and the long-term benefits of 
r ' metrication, it is the policy of Weyerhaeuser Company to support 

the adoption of metric units of measure known as the International - 
System of Units (SI). It is our desire that metrication should be 
- essentially cpii?)lete by 1982. However, our adoption pace will be 
established considering our international product . Involvement, new 
product introduction and the metrication activity and progress 
Tnationally and within oux- industry segments. 

Section 6, Item 4 of the Metric Conversion Act of 1975 instructs _ 
• the U.S. Metric Board to 'encourr'e activities of stjandardization 
organizations to deyelop\ or . revise, as rapidly as practicable, 
engineering standards on a metric measurement basis, and to take 
advantage of' opportunities to promote (A) rationalization or simpli- 
fication ybf relationships, CB) Jj^ (C> reduc- 
tion ^of- size ivari^t&i^ where 
feasibl^^^^^^^^ efficient use and the conservation of 
■ 'i^ ' It is company policy to be jactively involved 
Jii the development " and . rev^ ^9 
the products 'we iroduce.^^^^^^^ T^^^ bei .coordinated through^ 
appropriate liidustry ass'obiations and the American National Metric 
Council* . 



To minimize costs and V maximize the benefits associated yith 
metricatibn, . thoughtful- and coordinated planning is essential. 



Within \the. corporate policy ' and procedures ^'ramewdrk, each business 
' shall .establish metrication objectives (sof<^ conversion, hard conr 
. yerslon,^;^^.M its products and busi- 

ness practices, and outline a program for achievement. Manufactur- 
^ .ing and^ support groups shall similarly establish metrication objec- 
tives and activities that directly support , the business. Each 
manager shall incorporate metrication -activity plans in his annual 
statement of goals and program and standards of performance and 
communicate them to the Corporate Metric Review Committee." 

2.2 State Construction Related Metric Activities 

The following construction related infbnnation conceTOiii^ -state metfica- 
-^ tJ.ott activity was extracted from the 1978, 1979, and. 1980 Editions of 
the . Metric Yearbookj published by J. J. Keller and Associates, Inc*, 
145 W» Wisconsin Avenue, Neenah, WI 54956. Also noted are those states 
with metric committees. : 

Arizona ^ has a Mistric Advisory Committee .and has passed legislation 
concerning the recording bf land in metric measurements. 

California - has :a Metric Conversion Council to coordinate changeover to 
the metric system and to keep in step with the national effort. There is 
a licensed contractor on the Council. Two of the Council's major objec- 
- ' tiyes:are to encourage standardization, *and to identify Federal, state, 
and local laws and codes requiring amendment for metric* conversion. 

Colorado - iias s Metric Advisory Board. 

Connecticut - has* a Metric Coordinating -Xommittee. The state is a 
member of. the- Northeast Metric Coordinating Council which is comprised 
of si^ New England states. * In 1979, the* State Legislative Research 
Committee was, actively researching all the measurement - sensitive por- 
tions of existing statutes so that proper legislation can be Amended 
which will properly effect the change-over at one given time. 

Delaware - All plans done in the Delaware Department of Transportation 
include mietric equivalent's. /• 

Florida - has a Metric Council which has a construction subcommittee. 
A Florida Metric Plan was accepted • by 'the Governor and Cabinet* on 
November 21, 1978. JOne of the purposes of the planning effort stated 
in the Plan is^ "Tq .insure that . all legal and procedural barriers 
(federal, state, and local) to voluntary metric conversion are removed." 

Indiana Senate Bill 224 was introduced in the state legislature in 
1979, and would have provided for a statewide referendum on mandatory 
adoption of the metric system in the United States. This bill .met the 
same fate as other bills in this subject" area — inaction for the remainder 
* of the session. 



■ sIowav T- -the y Highway Division of the Iowa Department of Transpprt^ation 
>lias a metric task force conceinaed with conversion of the highway system, 
Izicluding signing, maintenance, stationing and constzruction contracts. 

Maine has a Governmental Metric Policies Committee. 

• \ . -■ ■ . ■ ^Z-. 

Massachusetts is a member of the New Englaind Metric Coordinating 
"Council and has established a Northeast Metric Resource Center at the 
University of Massachusetts^ 

Montana ^ has an Intergovernmental Metric Task Force. 

' Nebraska a. Nebraska Metric Board is currently in the process of 
forrijLng, with representation from industry, agriculture and education. 

Nevada has a Nevada Metric- Committee. The Nevada Department ' o.f 
Transportation established a timetable for completing a metric'^construc- 
tion projecti" but the timetable is not being followed currently due tp^ 
. ~the interruption in the metrication acti.vities at the state and federal 
level,.** according to the metric coordinator for that Department. 

New Hampshire - is ^a member of the New England Metric p Coordinating 
CouncioL. ' — • ^ 

New York - has a New York State Metric Council. The state enacted a 
law in ; 1977 to make the metric system the ''preferred" system in the 
sItateV but allows use of . customary units. In February 1978, Article- 16 
of the Agriculture • and Mark^ets Law (Weights and Measures Law) revision 
became effective* It reads in part: "The Legislature hereby finds and 

^^declares that voluntary an conversion to the metric system of 

Weights and Measures is of vital import2Lnc'e to the econon^ of the 
state. It is hereby declared to be the pubric policy of this state to 
encourage .-the i graduial implementation of the metrj-c system throughout 
the; s twite's government, industry, commerce, business, educatiion, and 
agriculture. " The New York State Metric Council conducted a study of 
state laws to determine how often customary measurement units 'appear 

'■■therein*.;:..- 

North Carolina '- has a Metric Planning Board. 

North. Diako ta^ "^ as parts of the North Dakota Code jare replaced, metric 
equiyalientS:: are insertfed^^^^^i replacement sections. Future legislatftofts 

■ isv; draft ed!; with: m tjiserte^. In. 1979, its legislanxre 

enacted. ^S the United States 

Conigresis not ;to: pass any legislation mandating conversion to the , metric 
system in. ;the V United/ :Statesi^ This concurrent resolution passed the 
Senate on .an unrecb^^^ the House by a- vote of 46 to 45. 

,A concurrent res^ and thus does not require a 

constitutipn^V 'sistJort pass. .' ' 



Ohio - the Ohio Department of • Transportation prepared a report on highway 
metrication listing a five-phase ^experimental program which consisted of 
(I) Design of two metric highway projects; (II) Construction of these 
two projects; (III) Public Use and Adoption of Highway. Signs; (IV) Public 
Iriformation; (V) Public Reaction. . In a speech tlie Ohio Department of 
Transporta:tion Director stated, "...a true conversion to metric cannot 
be^'d'one at the local level. . .air industry would have to convert to have 
the U.S. become truly metric." In addition, he stated, "The primary 
cost of conversion would not be as expensive, as originally conceived. " 

Oklahoma - in Oklahoma the metric system. has been jointly recognized with 
the customary system fojo some time ^nd can be used for any commercial 
purpose. * * , y 

Oregoni - the metric system has* been jointly recognized with the custcSSry 
system and can be used for commercial purposes. A project of the Oregon 
Department of Transportation involved design and preparat ion of contract 
documents utilizing the metric system for a highway improvement project. 
Two bridges have been completed- using meti^ix: measurements. 

■ In 1979 , another metric construction project was completed successfully 
by the Oregon department of Transportation. This small effort included 
replacing an antiquated bridge with a culvert. * / 

In addition, a field survey has been completed pn a metric bridge 
replacement project and it is now in the design, stage. The Department 
of Transportation has also been involved in preparation of right-of-way 
documents for a metric highway improvement :pro ject. / 

- • ■ ; ■ : ^ ' V- - . ■■■■ -^^ • 

South Carolina - has a Metric Advisory Committeei'^ ^ * 
Tennessee - has a Metric Conversion Committee, 

Texas - has a Metric System Advisory Council. / Two information sfftveys 
have been completed, one dealing with a computer search of Texas statutes 
for f requency of occurence of measurement units . to determine how much 
adaptation would ; be necessary to effect metric conversion of existing 
statutes; and a survey of colleges and universities to determine whether 
they had metric courso^r in progress. . / 

' ■ " " • . / " ■' ' , * ■ ■ • 

Vermont - has a Metric Coordinating Council./ Its 1979 work plan included 
as a goal the preparation of a -10-year state plan for the converjsion 
to Metrics for the State of Vermont and included actiotis appropriate for 
the executive and legislative branches state* government, as well as 
the. Vermont Metric Coordinating Council. /-The Council has a subcommitte^e 
on Building and Construction. / - 

Wyoming - According to a state bridge^ engineer in the Wyoming State 
Highway Department, "The . only metric activity we have ui^dertaken in 1979 
ds 'to include so'ft • metric conversion in our "Specification for. Road and 



Bridge CoDLStruction" which will be , published in 1980* We have shown- the 
metric equivalents in parentheses, after the* O.S. units, and the metric 
equivalents are in accordance?; with ASTM E380-76*- ♦ 
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^ - . CONSraUCTIOR INDUSnUffiS . ; . : ^ 

3»r General Aspects^ 

. Wiia£ tfe.^^^^^^i^ "fietric- is a comprehensive measurement system 

^willh a dec^ derived from th^' metric system, wjiich was develoged 

in Er the eig^^teenth century to replace a 

variety of-^n^^ The modem metric system 

—whicb is^ f err the French ^erm '^"Systeme International 

dTUiii£es:"-r-is ^iixe^^^^^ include the U.S. 

4s ^ signktoi^ physical qtiantity; ; Metric 

•usage?has^^^^^l^ legai ^n tfiei IPi^ since 1866j; and all customary 

:un±ts used; in^vt^ in terms of metric 

■ unlts^^ince ' 1893i SI units are already^dely. used in some engineering 
disdlplines^^,^^^^ ' as electrical engineertng, illumiiiation engineering, 
and acoustical -'^^ ^ V 

The^rimerican Soci^^ for Testing^ and Materials ; (ASTM) standard ASTM 
::E38ife79. [il^ Institute of Electrical and Electronic. Eiigineers (IEEE) 

S tandard 268 -1 979 [2] , both titled "Standard for Metric Practice, - are 

recognized as Tk^^^^stanc&rds^ -two- standlards. formed, .the 

:^bisj^ (ANSI) Z210.1, "American 

J^NationalgStj^^ However,' the 1979 editions 

diffe^r^ffl^r^ - so neither has been endorsed as an ANSI standard; 

llie: constiictibn comiminity has its - own suppleifentary standard to ASTM 
^E380;;vANSi/ASTM E621t^ ^^se of Metric 

(Sp^ IJni^s i^n^^ ' standard sets 

out rtiles and ..xecoi^^ SI ;unii:s in design and con-r 

strubtioa^ diischisses. sp^ considerations in the selection of units, 
provides tables of preferred, and acceptable upits for various discipline 
groups; including exaiq^ of typical appifcyations, and contains a set 
of cdnyersibn factors for the most common uittts used^^ 

The availability of these standards .makes it possible to select correct 
SI units for data presented in. metric units only, ox 'in dual , units, and 

enab-les values to be converted with an appropriate degree of preciision. 

■'■ ■ * ' ■ ^ ■ . *'*.«, . . - 

The matterV of selection of "preferred" metric values is addressed in 
detail In NBS Technical No t e 99Q, - -The jSelec tion of Preferred Metric 
VSluesJfor Desi^^^ The Technical Note provides 

/^a ratipnaie for -prefen^ gives guidance on conver- 

sion ;decisions,ani^ to for manual^ or automated 

conyersibn of values in standards and technical documents. 
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3.2 A- Comparison of Features of SI and U>S> .Customary Units 

Whencdappfaising the merit of alternative measureiaent systems in pf actical 
use, especiaJLly in building design^and construction applications, it is 
desirable to compare the features of the respective "systems." (See 
table 3-1*) In discussions to date, the debate seems to have remained 
in the scientific realm among ^supporters of SI, and in the popular domain 
amcrig people opposed to change from U«S« customary units — with little 
exploration of common ground. . , 

'The metric system, despite its new and foreign names— seVen in Fraqce — was 
adopted by one country after another, not by "force, but because of itsv 
intrinsic features 'in simplifying <:ommunications, specif ication^ calcu-/ 
lations', measurement, -and control-. The founders, of the system had taken 
heed of their* brief -to develop a universal and permanent' system, - b^sed • 
on rational precepts. While the first objective was to replace the 
great diversity of measures then in use in France ^and Europe, both in. 
nomenclature and magnitude of uiiits with the. same name, the features 
suggested in the 1790' s included: .coherence, decimalizatioit, and the 
d^ignation of absolute, reproducible standards, all of whith have 
regained feature's of SI, the modem metric Sysfem.- ' . 

From a construction .industry , viewpoint, the key features in SI arre the 
reduction in the nuunber of units of. measurement, coherence (one-to-one , 
relationships) between imlts,\ and the availability of decimal prefixes 
to select working^units which preserve simple numerical values.. 

3.3 On Units. and Numbers. 



• To ujjdepstand the implications of a measurement system, it Is important 
to* appreciate, the role of units and numbers, because it is in this 
respect that Si and U.S. customary units differ most. -/ . ■ 

Any measuremment statement, or "numerical value," is a combination of a 
unit and a- number; the unit represents -the reference . quantity but would 
make little sense on its own, while the number' indicates, the multiple 
of the reference quantity, and, again makes lit:tle sense on -its xX)wn. 
(An exception occurs in* tabulations or drawings, where a general state-- 
.ment of the reference quantity* 1^ it possible to represent numerical 
values by a niimber only;' e.g. ^ , all dimensions are in millimeters'. )^ 
* « . . - • ; > ' ■. ■ : ' \ ■ . , ^ 

UvS. customary units for length', 'capacity, and mass d&te. from ^ the middle / 
ages, where an "additive system" of multiple unj.ts 4Mife -used tfc indicate 
magnitodes^ for e requ±naft3>punds and ounces,. , 

ori^et^; : inches, and fractions. ; (The . additive -^Btemi goes/^bacI< to 
antiquity and is still in- use In unitV f ^^Tme XyeTrr^, inK)jyk,_WeeR^da:^»^ 
hour, minute, and second] and plane angle . [degree, nrfentey and second of 

Wei-"). /■ / ■ V ■ "il^^u.-^ ^ ■■. : ■ - ■ 

• ■ . r '^^ ■■ •/ . : ' ■ , - ^ ■ , ^ ■• 

Wfcdle an additive jsystem can be u^sed to meastire 4)reciselyi any matheiaatr- 
ickl operation which is performled on the "nximbers,"^ hecomes complex,* 

- ^ .. ■■ ■ V • . ■ 
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Table 3-1; Concepts in Measurement;' . Comparison of SI and U,S. . 
^ . ' Cixstomary Unitsf 





CONCEPTS, , 


SI^ (METRIC) UNITS 


• U.S. CUSTOMARY UNITS " 




1. 


Completeness 


SI has a unit for every physical 
quantity. . * . 


Multiple units exist for most phys- 
ical quantities, but are supple- 
mented by^ metric or SI units in - 
many fields^ 


• ♦ 


Z. 


Uniqueness 


SI has ozily one recognized unit 
, ^or any one* physical, quantity^ 
(For practical reasons « a nun^ 
ber of non-Sr units or multiples , 
are accepted ' — units^ for time, 
axisle,^an4 mid.tiples such as 
hectare, lit^, metric ton.) 


A variety of units exist for. phys- 
ical qtiantities;, • often for special - 
applications only. « For example, - 
without counting 'superseded or spe- 
cial units, there are 9 units for 
length, 5 'for mass, and 7 for vol- 
ume or capacity". ^ 


- 


3. 


Coherenqe 


SI units are .all coherent, that 
" ife, they h^vea one-tOTOne re- 
lationship to each other, base*d 
' on their unit derivation accord— 
iiig to the laws' of physics, 


Customary^^unit^ have only limited 
coherence, and result in the intro- 
duction of factors other than 1, 
when changing *from on^unit to 
another; for eacample, 2l3,4,6,8, 
9,12>16, 20,22,24, 27, etc. 


^ - - 


4.> 


Decimalization 


SI uses standard decimal prefixes 
(powers of 10) to alter the mag- 
nitude 6f the reference quantity. 
These' pref ixes merely 'change the 
position^ of the decimal, point, 
mot the digits in a number. The 
prefixes are internationally 
used snd undei^stood. 


•L&rge or .small values are trans- 
formed inj:o a different, non- 
decimal unit, except for the ^1 

- fT /i f\nf\^^\ ' e/ttifl^o riftfi f♦■2^' ^ 
LVW J , tne. square v<^uu ^ , 

and the kip (1000 Ibf) . .r The' ratio * 
rbetveen units, ^or factor, alters 
the numerical values in. calcula- 
tions. .. ' • . 




5. 


Ijnit Names 


SI unit names, except for tradi-^ 
tioxial metric' names 'taken ^rom 
Greek or Latin *words , ; are^ de- . 
rived* from the names of great 
scientists; which are the same 
in all' languages. 


Customary units .have names based on 
words in the English language. .- ^ ,t 
'These words have' no meaning, in other 
languages. In some instances, the 
same name is used for 'different 
magnitudes. ^ « 




^• 


Sysib ol izat ion 
and Rules 

v 


SL units and prefixes are rfepre- 
sented by internationally *> 
agreed letter symbols*, which 
have the, same meaning regardless 
of surrounding lan^iuage or 
scz^pt. SI has agreed rules* 
for the use of units, ' synibols, 
and. numbers. 


Unit names can be represented by 
symbols (ft, lb, qt),' signs (", 
■ jf OT- aDDrevj.aLiOu5 vj^ps, psi, • 
cfuO . . -.Their use relates to the 
English language context '6nly.~ 
Ther^vare few formal rules on unit 
use. . • ' ' 




7, 


Reproduc ib il ity 


SI units are scientifically de- 
' fined to alloy their accurate 

determination anywhere in, the^ 
* world, except for^the kilogram 

which is based oh an artifact. 


U.S. customary units have been de- 
fined in terms of^metric or SI / 
unitsi e.g., 1 ft -0.3048 m. • ^ 


• » 


8. 


Universality 
f 


SI units are "international"^ 
and represent * the official / 
measurement system of most na- 
tions oof the world. Aa Inter- 
national governing body (CGPM}. 
maintains the system and Its • 
rules," including periodic 
review. 


U.S. customary units represent a na- 
tional measurement: system, not xised « 
outside the United States. 
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even simple addition and. subtractipn* Multiplication and division is' 
time consuming as all values have to be converted to the' lowest common 
denoinin'ator (e.g. , 4''-10" = 58") or else decimalized (e.g., 4'-i0" ' = 

• 4^833* ) before such operations are commenced, and then reconverted after- 
wards. Moreover, in division, the fractions available may not be suffi- 

, cient to give a precise- tesultj so^that the parts differ. This "fudge 
factor** frequently occurs in/Stairs, where the division of floor-to-floor 
height ' (in feet and inches) into an equal height of riser (in inches 
and fractions) generally leaves a small residual fraction which is 
distributed over a number of risers. 

From the start, metric measurement looked for a direct relationship to 

the decimal system of numbers; The first application of a decimal 
. system, •indeed, occurred in^.^the United States where decimal currefncy was 

introduced some years before the metric system was conceived and f inal- 
,ized in France. Metric is "decimal," and the originators of the -system 

even tried unsuccessfully to decimalize time and angular measurement. 

From a productivity point of view, metric operations' would be simpler^ 
quicker,' and less error-prone, because units follow the decimal number 
pattern by having decimal relationships only. 

In all other nations that have changed to metric .units, proponents and 
opponents have contrasted "a national metric system" and "a familiar 
customary system." People as well as computers work better with decimal 

* units . than wittv compound (additive) values, and this may explain why 
those groups whose work predominantly involves computa!tions or measure- 

. ment decision, such as building designers and engineers, have been sup- 
portive of an ' early change 'tp SI. Increases in the productivity of 
design and documentation activities using metric units, have been reported 
from other;£nglish-speaking countries. , • . 

3.4 Coherent: Units ' ^ • * ' 

All units in SI are "coherent," that is, they relate to each other on a 
unity or one-to-one basis, without any factors or ratios as in the U.S. 
customary (or inch-pound) system. All units in SI are * exclusively 
derived from $even base units representing fundamental physical quanti- 
ties (length, taass, time, electric current, [thermodynamic] temperature,, 
amount of [molecular] substance, and lumi-nous intensity) and, in some 
cases, also f rom two supplementary uiiits ( p lane ^ angle arid solid angle).. 
Five of the ' nine units are already in use in the U.S. customary system. 
Derived units are formed by multiplication, division, or compounding of 
fundamental units, and some derived- units liave special names* - 

Part 6 provides practical applications ; of coherent units in energy 
design, but for the purposes of illustratidn, coherence can be understood 
better whenv the relationships of the already familiar unit for power and 
heat flow, .the. watt • (W), are examined: ^ ^ 



Electrical power: 1 W » 1 V^A ' 

Heat flow, energy, or ^ ^ ^ i Xfi 
work per unit time: ^ 



Work or energy per l^W = 1 N*m/.s* 
.unit time: • 



(1 watt = 1 volt' x*l ampere) 

(1 watt = 1 joule per- second) 

(1 watt = 1. newton meter per 
second) 



Expressriou'in^^erins W = 1 kg^m^/s"' (1 watt = 1 kilogram meter-' 
of SI base units: ^ . . squared per second cub6d) . 




System coherence not only facilitates calculations, but simpli fies com- 
pa^-lsons; ior example, "the watt (W) would be used in SI for all^or^ of 
power and heat flow, "thus allowing direct comparisons between Alterna- 
tives or systems* The watt will remain where it is now used j and replace 
the following U.S. customary iinits: Btu/h, Btu/min, Btu/s, fflbf/h, 
ft»lbf/min, ft»lbf/si horsepower (boiler), horsepower (electric), horse- 
power (550 ft»lbf/s), horsepower (water), and the ton (refrigeration). 

• - ■ ■ ' ^ ' * ' * • * ^ 

3.5 Decimalization 



The decimal ntimber system, which uses the base ten, is in worldwide use,, 
and its number symbols are understood regardless of language, or sur- 
rounding script. Each symbol Has an absolute value as well as a value 
of positioni"" so that numbers can be written as a linear combination of 
powers of ten; for example: . \x 

123 456 [one hundred, twenty- three thoussfnd .four hundred fifty-six] really 
means: 1 x 10^ + '2 x 10^ + 3 x 10^ +-4 x 102 + 5 x IQI + 6^ [x IQO], 

Approximately 400 years . ago, the concept of positioning was exteniied to 
include decimal^ fractions, using negative powers of ten to the 'right of 
a decimal marker, and -this innovation made it possible to accurately 
express divisions, complex -numbers, - and all values smaller than one 
(l.O).' It is no longer necessary to express fractions by means of a 
nuicetator and denominator, but as a -decimstlized value; for example, one 
sixteenth. (1/16) becomes. 0.0625, one tenth (1/10> becomes 0.1- The pror. 
found merit of . decimalization of -fractions was grasped very quickly and 
mathematics and physics advanced significantly; for example, making 
possible the expression of logarithms. 

Decimal measurement systems were advocated as early as the 16th' century 
to replace the variety of medieval measures then in use, but a spirit 
of revolution against outdated . practices to bring about change 'was 
needed* The concept- .of decimal prefixes (words and symbols signifying 
the multiplication of a unit by a power of ten; for example: \ kilo (k) 
for 10-^, or milli (m) for 10--^) provides simple numbers- — instead of 
-2500 grams, 2.5 kilograms can be used; or in lieu of '0.010 m^ter, 10 
millimeters can be ^ used. Decimal prefixes (or factors) do -not change 



the digits, only their position relative. to the ^decimal points The only 
factor that appears in metric calculations is ten (or. a power of ten), 
and the unit name is retained, even though the prefix may be changed. 

'•ita^^ilding design activities, . decimalization' combined- with coherent 
unit& greatly facilitates' calculations and decision-:making. The value 
of decimal units < has also been recognized in U.S. customary measurement; 
wherein the mil represents one thousandth of an inch (O.ODl**) and is used 
in precision measurement; the buildings square represents 100 square feet 
(ft^); the kip rep^resents 1000 pound-f orce (Ibf ), and the chain of 
feet, "or 4" r ods, "lias been divided into 100 links for ease of calculation. 

3.6 Metric Practice - or. Rules for the Use of SI 

In contrast to customary measurement which ha^ no explicit book of rules 
fpr the selection and use- of units, their presentation and symbolization, 
and numbers used in -.conj[unction. with units, SI is accompanied, by an 
^internationally agreed set of rules and recommendations to ensure con- 
^sistency and to. avoid misunderstandings. These rules are mostly common- 
sense prescriptioEfe which, with a 'little practical application, ' are 
easily learned. ' , . 

ANSI/ASTM Standard E621-78, deals with "rules and recommendations for 
the 'presentation, of 'SI units and symbols" in table 5, and witH the 
"presentation . of numerical values with. SI" in table 6. 

A nximber of metric practice guides for specifier, dissciplihes has been 
prepared by professional societies or industry associations, as well as 
individual corporations. These are ijicluded sin Part -9 of this report. 



The surveying and mapping commuility has developed a comprehensive and 
thorough "T^Jetric Practice 'Guide^ for Surveying and Mapping" [5], issued 
in March -1978 by the Am/rican Congress on Surveying and Mapping. 




3.7 The Practical Application of Measurement 



Meaisurement units-^^are used Iji a number of , different ways, from approxi- 
mations to- very precise measurements. The impact of metrication, corre- 
spondingly,/ -would have different overtones. . . 

3.7.1 v^ ^stimation of Magnitudes. Estimating magnitudes in terms of 
ref erence quantities is a ^ ^learned" 'aspect of measurement and princi- 
pally involves membry and. judgments For example, if one hundred people 
are asked to estimate the length of a dollar bill, in inches, a normal 
distribution is^ likely to result, with some estimates stating a length 
that is far too. short, and some far too long. Estimating temperature 
or speed is more difficult, and that of force, pressure, or power almost 
impossible without some form of measuring instrument. In estimating, 
we use* "mental images" or recognition points, such as one's own height. 



reach, or flngerspan, and the main task in metricaitlon woul4 be to 
/generate a new data bank of learned names , relationships, aind magnitudes 
for meaningful assessment of physical factors* The need to "releam" 
causes objection to change by some* ; 

* ■ - v ^ ' / ■,•■"' ■ , ' • •■ ' 

3.7 .2 General Coimniml cation of Measurement Information* The communica- 
tion of measuremen/t data can involve either estimates or approximations, 
;or highly precise /measured data* For either commuixicat ion, the receiver 
. of the message position to assimilate and process the 

message in- a meaningf 111; For example, if temperatxxi.'as are given in 
degrees Celsius C^C) bnly, an association between numerical value and 
sensation of comfort (cold, cool, mild, waim, hot) would soon be 
obtained. However, if both a famUiar reference (in degrees Fahrenheit) 
and a metric reference (In • degrees Celsius) are given, the' unfamiliar 
value would be selectively blocked out With almost no long term memory. 
Where the precise communication of measureioaent information is essential 
to a task; such as calling out values obtained by measurement to^ a person 
who records them, .it is essentieil that both- the measur^sr- and the recorder 
are fully familiar with the units and vcilues that are used. = 

3.7.3. Descriptive Information in Written, Typed, or^ Printed Data. 'De- 
scriptive inf'ormation in ** software," such as standards, technical data 
sheets, textbboks, drawings, and t hie like, requires compactness, lack of* 
amblqulty, and consistency in presentation. In 'most instances, . metric 
data "would be 'advantageous. 

The largest part of initial activity in metric conversion would involve 
software, to be prepared either in metric units only, or in diial/ units 
for the duration of. a transitional pierjod; Metric practice information 
would be needed to allow .pedple • in the construction community to 

assimilate metric task information. '<^. ' 

/' . * ■ 

3.7.4 Calculations and . CompFutation. As already indicated, metric 
measurement was designed f.or< greater productivity in 'all matheioatical^ 
processes involving measurement: decisions. The concepts of unique units, 
> coherence, and decimalization combine to give greater speed and fewer 
errors. Engineering calculations, in particular, would benefit. Archi- 
tactual documentation, with only, one measurement unit for length — the 
miliimeter (mm)-^ould be simplified significantly, and check-outs for 
accuracy . facilitated. * ^ * . 

3.7y6 Practical Measurena^nt in Production and Construction. To measure^, 
magnitudes of physical quantities such as thickness, mass, thermal prop- 
erties, electrical properties, etc., any measurement system will. suffice. 
However, if comparisons are to be made with international stan'dards, or 
requirements set out in. metric terms, the use ofrmetric measuring devices 
would be preferable, rather - than the use. of non-metric devices and 
subsequent conversion. 



Precisioa.ln measurement is -a function of the following: accuracy of 
the^ Tn^aCTTlne instrument, • accuracy of the operator (reader) and/or trans- 
.crijberi .>^ the graduation . of the ^instrument. For example, with a 
measuring tape graduated in inches only, measurements can be made to the,, 
neareist whole inch, while smaller . intervals have to be. interpolated by 
• jucigifent. Nonnal steel ^apes for construction measurement are- graduated 
.±n:iml.tlples of l/16*\ so* that measurement can be laid out or read to 
' the nearest 1/16-. Similarly, metric construction .tapes are graduated 
in mi];limeters, so that measurement., can , be effected to the nearest milli- 
meter (mm). The metric graduation will encourage more precise measure- 
ment and would be likely to lead to fewer deviations in additive 'measure- 
ment during prqduction, layout, or construction. Conversely, temperature 
readings can be made with -greater precision o-i. the Fahrenheit C^F) scale 
than on the Celsius scale (**€), due to the finer graduation of the 
Fahrenheit Vscale» , * . * 

In production and construction, measurement, the ^use of metric units 
could generally, ^Increase measurentent precision. 

3.7.6 Quality Control, Testing, and. Research* Quality control, in pro- 
duction requires precise measurement to ensure that product character- 
istics remain within specified limits;, that is, fall within permissible 
tolerances.^ In general, the use of millimeters for the measurement of 
length, width, depth,, thickness, diameter or radius, .warping or twisting, 
and squareness would facilitate quality control operations. • 

A high percentage of testing and laboratory work in product manufacture 
already is carried out-^in metric, units. ^ . ' ; . -?= 

3..8 Metric Units for Use by Tradesmen and Site Personnel 

Considerable attention has-been pa i4; to metric (SI) units for iuilding 
designers and. other professional groups. • However, most practical tasks 
for measurement in production ' and construction are carried . out by 
skilled :and unskilled workers, to whom^the change of measurement units 
may be a cause for -some concLem* 

• ' ■ * . *^ ^ . ■ . ' ^ . . ' 

In the construction environment, the number * of units required to be used 
will reduce,^ so that the learning* sjLtuat ion is not. as. great as imagined, 
at fir?t sight. 'Precedent "has indicated that there is" little merit in 
-ovejrtrainlng** personnel, especia^^ly in aspects of the inetric system that ^ 
will'^never be applied in practical use. For moist tradesmen and on-site 
personnel, training on /the* job is the - best approach- as it puts metric 
concepts into a practical perspective. * 

Table 3-2. shows the most comm metric units that would be used in various 
constructibn— related activities. 



Table 3-2 : Key Metric Units for Use on the Job 



. 1 . * . ACTIVm 


QOANTITy 


> . ■■ UNIT(S) 


SYMBOL (S 


) 


1 BLOCK AMD BRICK 
1 MASONBY 


Linear Measureaent ' 
Area . . 
Voltaae (of nor tar) 
Mass (veigbL) 


ailllzBeter, meter 
square meter ' 
cub^ic meter 
kilograa 


a 
kg 




1 CARPEKIRT 


Linear Measures»enc 
Area 


milllaeter, meter 
square meter 






1 CONCRETE WORK 


Linear Measureaent 
Arc^ ' 
Voluae 

Teaperature (of ingredlencs) 
Mass' Xweigbc) (of ingredients) 
Capacicy (vater) 
Cro88-«ectlon (of reinforcement] 


millimeter, meter 
square meter 
cubic meter 
degree Celsius 
metric ton (1000 kg) 
. ' liter 

square . millimeter 


an, a 

a3 
'C 

t 

L^ 




1 ELECXRXCAL SERVICES 

1 ^already in copDcm 
1 use " 


Linear Measurenenfr 

Fteijuency 

Power 

Energy 

Electric Current • 

Electiric Potential 

Electric, Resistance > - 


ailllaeter, meter 
*hertz, kilohertz 
*watt, kilowatt 

megajoule, *kilowatthour (3.6 HJ) 
. *aapere 
*volt, kilovblt 
*ofaa, kilohai 


Hz! kHz 
W, kW . 
MI»-- kWh 
A^ 

V,* kV 
Q, kQ 




1 EaCAV A7TNG 


Linear Measureaent 
Volume 

Mass (t^ight) ' » 


aeter 

cubic meter 

metric ton (1000 kg) 


a 

a^. ■« 
t ■* 




Iglazinc 

1 ^ 


Linear Measureaent 
Area' 

Mass (weigbiO 


ailllaeter, meter 
square meter 
kllosran 


a 

kg; 




1 LAKD SURVEYH^ 


Linear Measureaent 
Area 


- meter, kilometer 
square aeter, hectare (10 000 m), 
square kilpmeter 


a, ka 
a^ , ha 
ka^ 




1 Il£CHA^*ICia SERVICES 


Linear Measurement 

Voluae 

Capacicy 

Airflow (Velocity) 
Voluae Rate of Flow 

Teaperatxire 
Force 

Pressure, Stress 
Energy, Work 


ailllaeter,' aeter 
cubic meter 
liter (I a 1000 L) 
meter 'per second 
ct2bic meter per second, 

liter per second 
degree Celsiiis 
nevton, kilonewton 
kilopascal, magapascal 
kilojoule, megajoule 


™' ° 

L 

a/.s 

a3/s 

L/s 

•c 

N, kN 
kPa, MPa 
kJ, MJ 




1 PAINTIKG 


Linear Measureaent 
Area 

Capacity (of paint) 


meter, millimeter 
square meter 
liter, ml nutter 


m^ aa 
a2 

L, aL 


1 PAVING^ PLASTERING, 
1 TILE LAYING 


Linear Measureaent 
Area 


aiUiaeter, meter 
square meter 


am, a . 


J PLUMBING (See also: 
1 Mechanical 
j Services) 


Linear Measureaent 
Capacity 
Mass («feight) 
Pressure - 


meter,' alUiaeter. 

liter - , 

kilograa, gram 

kilopascal 


L* 

leg, g 
kPa 


1 ROOFING 
1 . 


Linear Measureaent 
fcrea ^ - 
Slope ' 


ailllaeter, aeter, 
square meter 

millimeter per aeter (or mm ^mmemi ntio> 




1 SEVAC:^ DISPOSAL, : 

1 


Linear Measureaent 

/oluae ' 
opacity 
>lope 


meter, mlUlmeter ' 

sqtsare meter,^ hectare (10 000 a) i 

cubic meter. ) i 

liter 

ailllaeter per meter (or •^memi rauo) i 


D'^, ha 

: 


1 STEELWORK . ] 
1 ^ 


-inear Measureaent 
lass (weighty 


mlUiaeter, aeter i 
metric ton- (lOOC kg), kilograa i 


"'kg . 


1 TRUCKING I 
1 ^ 
L ^ 


>lstance 
Volume 

lass (%^ight) 


kiloaeter * ' . I 
cubic meter i 
metric ton (1000 kg) , kilogram \ 


CD 

r. kg 
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i.S^ Instruments ^ 

One of the real costs of metric cotiversion is the purchase of metric 
measuring instruments, such as drafting, scales, , steel tapes, weighing 
devices (scales)^ gauges and d levels with graduations or markings, 

micrometers, test sieves i and some specialized items for quality control 
or perf ormarice measurement* ; The cost of procurement can only be reduced 
if •normal replacement cycles are used to acquire metric rather than 
customary instruments- In some instances, it would be more practical to 
effect a i^rtiai replacement; for example, the purchase of a blade with 
metric graduations for a steel- tape rather than purchasing the , entire 
new uiiit, or a metric dial for a pressure gai^ge rather than a new gauge. 

Although not preferred in the long run, tapes, scales, and gages may be' 
obtained with a dual readout for use in a transitional period; for 
example, steel tapes are commercially available now with graduations 
both in inches and fractions on one edge of the blade, and graduations 
in millimeters on the other* 

Special care should be. exercised in purchasing decisions to make sure 
that the "metric" instruments feature correct units and standard gradua- 
tions. For example, tapes graduated in centimeters (cm) are widely sold 
for general use, while the construction community probably would use 
millimeters (mm); the purchase of the wrong /measuring devices could 
create confusion rather than simplif icationr Similarly, a variety of 
gages^ imported from traditionally metric countries are^ calibrated in. 
non-SI^ units, such as the bar, millibar, atin (standard atmospheres), 
kgf/cm^, etc., rather than in pascals (Pa) or kilopascals (kPa). 
Uninformed purchasing could cause yconfusion, apart'' from waste of .money. 

At this time there are no national standards that outline preferences 
for metric '^drafting scales, steel tapes, surveying instruments,^ .mass 
scales and' other weighing devices, thermometers, pressure gages, etc., 
and it appears that the industry would benefit from standardization 
efforts: ASTM Standard El i-70 (Reapproved in .1977) [6], dealing with 
tesft' sieves, doasmmJlst metric sieve' desimations as ' standard sizes 
corresponding t^ those recommended by ISO, dbd also includes alternative 
designatipns. aA ' _ / 

A number of American multi-niational cbrporatiotb produce preferred metric 
measuring instruments in other countries and aire well equipped to serve 
the needs of ^ the U.S. construction communitjj during a transition to 
metric measurement. . • 

3. 10 ' Metric Standards 

The Metric Conversion Act of 1975 specifically addresses the subject of 
metric standards and states in Section 6: 
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• •••*In carrying out this program, the [United States Metric] Board 
shall — (4) encourage activities of standardization- organizations 
to develop or revise, as rapidly as practicable, engineering stan- 
dards on a metric measurement basis, and to take advantage of oppor- 
tunities to promote (A) rationalization or simplification of rela- 
tionships, (B) improvements of design, (cj reduction of size varia- 
, tions, (D) increases in economy, and (E) where feasible, . the effi- 
cient use of energy and the conservation of natural . resources;" 

Most of the voluntary .national standards-writing organizations in the 
United. States have policies to use' or include metric (SI) units in their 
standards^ although not necessarily as "Jiard-converted** and preferred 
values* Vhere available, the policy decisions of relevant building 
' design and construction standards-writing organizations are given in 
Part 2. • . 

3.11 Metric Building Codes 

There are no fully metric building codes or model codes available in the 
United States although some major code-developing organizations have 
decided to- 'include metric equivalents in future editions. * Th'eriB are a 
number of options, ranging from the use of dual measurement units (with 
varying degrees of rounding and rationallz^-xtion), to, the preparation of ^ 
dual documents with separate, preferred valuer for use with each measure- 
ment system. The latter approach would provide the most convenient ntin?- 
bers for designers, manufacturers, contractors, and building c6ntrollev:s 
but is likely to require considerable investigation and inter^industry 
discussion to arrive at preferred values. 

3.12 Technical Reference Material^ Handbooks, and Textbooks 
\ 

At present, technical information for professional and other personnel 
in the construction community is predominantly in U.S. customary units, 
although some professipnal institutes and societies are rapidly devel- 
oping a metric data base. Scientific handbooks and college . physics . texts 
• are largely in metric units; although they , do ^ not always adhere to 
correct SI units and presentation. 

The American. Institute- of Architects, in conjunction with Wiley 
Interscience, has prepared the "'AIA Metric Building and Construction 
Guide" [7], a comprehensive and thorough basic reference document for 
building'^ designers and others' interested in the application of , SI in 
construct)Lon» " : 

A number of engineering textbooks dealing with the change to metric (SI) 
units have been published. Metric UnTts in Engineering—Going SI," by 
Professor Cornelius Wandmacher [8] provides a* useful *and comprehensive 
^general, text to acquaint, engineers and engineering students with the 

concepts, relationships, and practical application" of SI. 

< . ■ 

A comprehensive metric bibliography is provided in Part 9. . . 
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PART 4 - METRIC CONVERSiptt . MD DI^SIONAL COORDINATION IN , BUILDING 
4. i Dlmensi ona 1 Coordinatldn t 1' Background ■ • 

In an industry where most tasks involve dimensional cotitrol of products, 
components, assemblies, and building elements, as well as their combina- 
tion and fitting to form buildings and structures, dimensional standard- 
ization is an essential ingredient of cost-effective operations* The 
alternative of random sizes would invqlvfe extensive cutting or make-up 
activity, and result in waste of materials as well as low productivity. 
Dimensional coordination simply is 'a rational approach to the determina- 
'^ion and selection of preferred sizes for building products, and of pre- 
ferred dimensions! for spans and spaces, based on a common denominator, 
the ""bull ding module" or basic unit of.. size. For th^s reason, it is 
also referred to as "modular coordination." 

In historical building activity, many components Were custom made or 
.shaped, or produced in small quanf itiesj so that special sizes carried 
no significant cost premium. ..A concept of preferences emerged,, based 
on whole multiples of the customary units of measurement, the foot and 
the inch. Most preferred among these vaxues were those that formed a 
simple doubling series, for example: 



32" 



64" 



48" 

(4'-0-) 



96" 
j[8*-or) 



These, ranges ares related by a factor of three, so that any size of the 
inch-based series, when trebled, equals a value in the foot-based. series. 
Examples of customary product sizes from these two ranges abound, and 
include brick, block, floor and ceiling tile, panels, planks, and many 
assemblies. In addition, multiples of selected dimensions were used 
for functional sizes and spaces in' buildings, for instance whole multi- 
ples oi the;foot~2V (24"), 3' (36"),^ 4' (48"), and 5' (60-)~as planning^ 
modules* This system works quite well, except for the occasional mis- 
match in dimensions^ which is sorted out by design detailing or construc- 
tion fitting on-site* Some mi£or inconvenience was caused, by, having to 
work with essentially three measurement units: feet, inches, and common 
fjcactions of inches. . , * • 

With increasing industrialization of the 20tli century, proposals emerged, 
in the 1920's and 1930's for a comprehensive and rationalized approach 
to design and construction dimensions, and i^elated building product 
sizes. The best known pioneering work was done by the American indus- 
trialist Albert Farwell -Bemis (1870-1936), who proposed a 4-lnch module 
as basic unit of size, for buildings as well as building components, and 



who developed --a'^^^omprehensive approach to coordination, subsequently 
referred to as "modular coordination." The 4-inch unit of size was- 
given the symbol M (for module), and whole, multiples of .M were -preferred 
for all dimensions. • The system also included a modular, grid, with a ^4- . 
inch grid interv^al, for^the precoordination . and positioning of building 
• elements and components/ After- Bemis* miti^ely death, his ideas became^ 
the l>asis for a national st^dards effort in "the coordination of dimen- 
sions in building," and a series of national standards became available, 
after 1945 • Masonry units,, such as clay brick, concrete block, and clay 
flue linings . were in' the forefront of the change to modular dimensions . 
based on Hhe 4- inch module. 

4.2 Metric Dimensional Coordination and the International -Building 
Module . " ' 

The ideas, of modular coordination were picked up in post-World War II. 
Europe, and they became the basis of the industrialized reconstruction 
program in a gigantic demonstration of how greater productivity can be 
achieved by the use of 'standardized di-meosions rather than random 
choices. European nations used a 100 mm (10 cm) building . module . and 
found this basic and. decimal unit to be- of a near-optimum size to reduce 
variet^y -while simultaneously retaining - simplicity of numbers. The 
European efforts, in both Western and Eastern European countries were 
followed by extensive adoption of the principles in South and Central 
America anid Asian metric countries. 'Subsequently,, the 100 mm module was..; 
used' as the .basis of '"intematiorial. (ISO) standards, ^prepared within the 
^'iSQ* Technical Committee 59, Building^ Construction, ' which .^Was 52 member 
nations and. 32 .actively .participating in the work.. The- international 
building module 'was given further emphasis when all English-speaking * -r 
countries, that changed to metric In the 1960's and 1970's adopted this 
module and , selected mutliples in the determination of / their dimensional 
preferences in building [1]. y< 

4.3 . Metrication and Dimensional Cobrdiiaation - ^ v . 

Aithougli a separate issue from metrication, dimensional coordination in 
the construction' industry becomes like, a Siamese twin:-- without at least 
a partial adaption of .modular and preferred sizes during the' change, one 
of the greatest opportunities of /metrication in construction would be 
missed."^* In the United States, this fact is already . widely appreciated, 
and both: the U.S. Metidc Study in . 197.6-71. and "the GAO Metric .Study in . 
1976-78 found • support for this proposition, even though a considerable 
percentage of respondents did not give a definitive reply." 

Question 14.h in the GAO Report, CED-78-128 [2], as part of a question 
(dealing with -advantages- frequently attributed to conversion with the ' 
metric system," stated: 

-Conversion will provide an opportunity for implementing or expand- 
/ing 'dimensional or modular coordination ' , " defined in footnote 
three as direct relationship .between the dimensions selected for 
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the design of a building and the sizes of ^ components- used in its 
' construction. Product sizes and dimensions are based on agreed-upon 
rules that permit a better fit of products during the building pro- 
• cess« Dimensions and sizes are based on a module,, such as 4 - inches 
or 100 millimeters-" ^ 

Four response categories were used in Question 14: 1. Agree; .2. 
Disagree; 3'. Does not apply; and, 4. No basis to judge... The^ following 
percentage responses are shown on page 16-27, of the report. 







Overall 


Responses 




Group of 


Agree 


Disagree 


Does no1{^ 


No basis 


Respondents 






apply . 


to judge 


All Associations 


38Z 


13% 


• 

7% 


42%^ . 


Designers, 

Contractors 

Labor 


39% 
44Z 
, 44% 


12% 
7% 
11% 


15% 
9% 


33% 
41% 

.44% 


Manufacturers 
Distributors ■ 


. 32% 
42% 


18% 
5% 


8% 


43% 

-—5-3%— 


Codes SStsuidat' 
— ^tealT^state 


22% 


.11% 


6%. 


• 40% ' 
61% 



It is interesting to note that, if one considers, only the definite 
responses •*ag^::e"* or "disagree, " nearly three-quarters (74.5 percent) of 
all associations concurred with the question asked, .ranging from 64 peir- 
cent of manufacturers to 100 percent oif codes,* and standards. However,, 
it is also significant that almost half of the respondents ,^9 percent) 
selected the ^neutral choices "does not apply" or "no basis, to judge." 
In the latter category the range is from 33 i percent of designers to 
61 percent of real estate. ' - * ^ .' 

All in ail.,___th^ definite responses to the- GAG Study - reinforce the 

previous findings and statements by many leaders of the construcoion 
community that "metrication would . be an opportunity for implementing or 
expanding dimensional or modular coordination in building. " 



4.4 



The Metric Building Module Compared with .the Traditional 4-Inch 



Module 



The advancage-s of metric dimensional coordination in building are derive2l 
to a large extent from the mathematical and technical features of the 
metric building module of 100 mm,; which represents one decimal part of 
the meter. This dimiension is only 1/16- (or 1.6 mm*) smallfer than the 
traditional. .4-inch module, which has been widely used in the sizing of 
building products and design approaches in the U.S. construction 
Industry. Therefore, metric modular dimensions and. sizes would differ 
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only slightly— they would, bfe 1.6 per<^nt smaller and, in m-iny instances, 
remain within -exUting tolerances. The principal advantages ot^. the 
metric moc|jxle are outlined- below. •* ^; 

4.4.1 Metric Modular . Dimensions are . Directly Visible. Any dimension, 
i-n ndLllimeters, with two zeros . (00) at the end is always a modular dimen- 
sion; that is, ^ whole :.multii>le of the 100 mm module. But . much more 
significant in the, design and construction context, is . that the "modular 
multiplier" is directly visible and represented by the number ^in front 
of the' two zeros. This makes * it possible to identify and select "pre- 
ferred" multimodular. values at a glance. ' For example, although 4700 mm 
is a modular dimension it can be recpgnized instantly as a -less pref erred 
multiple. because the multiplier,. 47, is a prime number and divisible only 
by itself and one. By ^comparison, 4800 mm, or 48 modules", has superior 
properties of divisibility — it "is a' whole multiple of the following, 
"modular dimensions:" 2400, 1600, 1200, 800, 600,. 400, ; 300, " and 200^. 
Thus, .when , a choice is available,- -Jthe designer, and contractor -would 
almost invariably be better off with 4800 mm. • - ^ ' 

In the customary .context,' multimodular dimensions are par.tly "hfdden" 
by the need to use- both , feet and inches in stating them.— "For example, 
a dimension of 15 '-8" caa' readily bf recognized ,as a "modular" dimension, 
that is,- divisible by 4 inches, ^t after a little mental a^thmetic it 
becomes clear that the multiplier is a less preferred 471 

another example, t!5&v^foot-inch, equivalent of 64 modules is 21 '-4". 
which, is not immediately recognizable as. .a whole multiple of 8 and 
16", so common in" standard produdt sizes and spacing, of structural 
members. Quite a few designers, without thinking, might prefer 21 '-0" 
or 22'-0" for building spaces* or spans. There would be no such diffi 
culty with 6400 mm, the equivalent of 64 metric modules, which can 
:immediately be distinguished for its -iiivisibili-ty/. by . 3200, ,1600, 800, 
400, and 200 mm! > , ,. ' • 

4.4.2 , The Modular Square— A Useful Aid . in Calculations. . The: modular 
squate of 100 mm x 100 -mm, which provides the basic .two-dimensional 

•grid, h^^ an krea. of exactly 0.01 m^ ^(one hundredth of a square meter). 
This "relationship is vfery useful' in all forms of calculations^ involving 
area, such as in. functional properties (structural, thermal, acoustic, 
etc.). a: "modular" area in metric :units simply *is the product of the 
two Multipliers; for example, a door of "-800 mm x 2200 mm his an ^rea of 
176 modular sqliares (8 x 22), which can be :conyerte,d directly to ^^quare' 
meters by dividing by lO0») so' that it woald represent- an area of 1.76 ra . 
If the door had been, 2000 mm' (or 20 modules ):.hi.gli, the calculation could, 
have been done in the mind. By coinparisoni " a," . modular square with . 4" 
sides represents. l/9th of. a square foot or l/8lst. "of a square yard,., so 
that calculations, ate much more awkward. ,A customary door of 2 8' x 
7-»-4" which has 176. customary modular squares, req^uires -a langthy cal- 
^culation and xounding to 'establish its area, beca.use there are no decimal 
relationships. .- . ' - _ 



The direct relationship between , the metric modular square and the square 
meter (m^^) becomes even more significant; in .calculating costs of build- 
" ings, biiililing elements, .or building' components; where any cost in $/m2 
has the same numerical value in cents per square module^ Foj: example, 
^ a cost of $6/m2 also represents a cost of 6i per square module^ This 
enables more accurate costing of modular buildings and modular- building 
products, as well as tighter ^ cost control* In . computerized building* 
'design and/- docximentation, the cost, of design alternatives could be fac- 
tored into the decision process without much difficixlty as part of metric 
modular coordination* . * • . . ^ . . 

4.4.3 The Modular CuJ?e. The modular cube of 100. mm x lOO mm x 100- mm, 
which is the basic unit in a threerdimensional »modula:r ^Spatre grid, repre- 
sents, a. volume of exactly 0.001 "m^. (one thousandth of a cubic meter) and 
a capcity of . 1 L (one liter). , This relationship greatly simplifies all 
^ calculations involving ^.volume cr .capacity, such as room or buildi^ig 
nes, cut. and fill cbmputations, HVAC ^design, land load -estimates b£sed 
'on mafes "per. unit volume of materialfe* The capacity as well' as mass of 
: the qontents of rectangular storag;e tanks with modular dimensions can be 
-calcellated with, ease,* based on direct unit . relationships that can be 
•tracea right back to the ,riginal concepts .of the metric system of the 
.l7S0'!s. The units - i .v^i^uaie,' capacity > aavi inass were related on a^ one- 
to-one. basis* in the • '^ilo-iJing seqiience: 1 cubic decimeter (nov^ a .cubic 
module, as well) equals 1 liter, 1 .liter of water at its maximum density 
has a Inass of 1 kilogram.^ This relationship ,is still very useful; for 
ex^mple^ if^the specific gravity of a materj^.l-is known, ' the numerical 
value ^Iso indicates the mass of » a modular cube; of that material. In 
unreinf orced ^^loncrete with ^a specific gravipy of 2.3 (or a nnass density 
of .2300 kg/m^) a modular cube would have a mass of . 2.3 kg: in s,teel," 
with a/specif ic gravity^ of 1.Z5 (mass density of 7850 kg/m^) it wt>uld 
be '7.ff5; etc.. * ' . • ' 

, 4.4.4 An Example of Calculations" with Modular Dimensions. '^A' pra'ctical 
examjple will illustrate the advantages of . these, relationships 'in a met- 
ric modular concept. * A reinforced, precast fconcrete panel" of . 100 mm 
•thickness, 1200 . mm width, and 3200. mm height, with *a specific gravity 
of 2.4 would* have the following • dimensional and related properties: 

kresLt 12'[00j-x 32[00-3 = 384 sqware modules = ;3.84 m^ . • 

Volume: ^1[003 x 12[b03 -.x^ 32[0O3 =. 384 cubic- modules = d.3§*4 m^. 
Mas^: * '1 X 12 X 32 X 2.4 = 921.6 kg' 1 ' * ' 
Force: [mass x 9.8 m/s^] = 921.6 x 9.8 = 9032 N = 9.032 kN 

.Thus area c^n • be . computed easily for Afunctional properties or costing;, 
volume , for qiaantity ' of concrete "required^ mass for transportation of 
the panel; and force for lifting and structural load calculations. 
• » ■ . , . • ^ ■ . 

4. 4.5^^. Metric Drawing Scales and the Building Module* - .Because of the 
decimal relationships that extend right through metric measurement appli- 
cations, the .100 mm building module has Wo other* major advantages in 
measurement? it is represented directly as a scalar 'division on?*ll 



drawing scales from 1:1 (full size) to iVlOO; and it represents a major, 
marl^e'd ''graduation o^ construction tapes. 

The . scale instruments (hand scales or ^ machine • scales) prominently 
identify lOO^mm and its multiples for ratios from 1:1 to 1:10, . as shown 
in figure 4-1, and show a major graduation line for 100 mm on the 1:20 
scales where every multiple of 200 mm is marked* . At scales of 1:50 and 
1 : 100 , the 100 mm building module is represented by. 2 mm and 1 mm, re- 
spectively.^. Therefore, the desi^er working on detail drawings is con- 
stantly reminded of the "modular" dimension as a preferred, value. This 
is not so in customairy; scales, which emphasize the foot (3 modules) and 
often the 6" and. 3" subdivision, . rather than the 4-inch module. 
* . ■ . ' * 

. 4 

Figure 4-1: Examples of Drawing Scales with Modular DjjneRSions Emphasized 
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T The tr^i^ngles' have been added to point to locations of whole multiples 
bf the 100 mm module on detail scales. They §ive a direct indication 

,.of^the scale factor, and the subdivision of the scale; for example; 
each* imtf represents an iricremept of 1 mm at- 1:1; 2. mm at 1:2; . 5, mm- at 
1:5;. • 10 mm at 1:10; and 20 mm at 1:20." . ^ . ' ^ • ' 



Construction steel tapes for, use in. building layout, and measureir nt of- 
building products'- are the principal measuring instruments on-site^ U.S'. 

* customary tapes are graduated in' feet, inches, and fractions. Many tapes, 
also show, a special marking for all multiples .of 16 inches to facilitate 
layout at 16 inch centers*. However, modiilar increments'* of- 4 inches are 
not marked in any special way, except for multiples of three modules (12" 

'or l') and four modules (16") on some tripes. 

Metric construction tapes^are graduated in millimeters for short tapes, 
and meters and millimeters for longer tapes* Major graduations occur 
every 100 mm^Xor O. 1 m), thus emphasising, th^^^etr^c -biiil&ing module at 
every increment • Other numbered graduation marks occur every 10 mm; 
.These tapes greatly facilitate modular building layout on-site. 

. •• ■ - . . . * 

Sections. of customary (foot-inch) -tapes and metric (meter-millimeter) 
tapes are shown in figure 4-2. . 

Figure 4-2: Customary* (Foot-Inch) and Metric Construction Steel Tapes 



a. Section of 12-ft pocket steel tape graduated in feet, inches, ^d » 
sixteenths of art Inch 
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b. ' Section of 3 *m pocket steel tape graduated in meters and millimeters 
' • (100, 10, 5 and 1) • 

I -I 1 I ! I LI 1 I I r I I 1 1 I I 1 J. M II II I I 'I' j l 
80 90 900 10 20 30. 40- 50 60 70 80 90 im 10 20 
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c. Section of 30 m precision 3teel tape graduated- in meters and ' " \ 
millimeters ' 
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4..4»6 Endorsement of the 100 mm Metric Building Module. The 100 mm 
metric building module has been .endorsed in publications or information 
released by major industry organizations in. the United States 'such 



as: 



. The American Society for Testing and Materials '<ASTM) . 
* The American Institute of Architects (AlA) . ' \ 



.': The,ANMC Construction ' Industries Coprdinating Committee (ANMC/CICC) 
*and its Sector Committees 
The* National Association of Home Builders (NAHB) 

Ih additibn-j ais outlined , in -Part 2, a number of . major associations or 
societies have developed metric policy statements or ' guidelines which 
recommend the conversion to preferred metric dimensions and sizes — ^a. 
hard conversion — rather than the use of metric, equivalents for* customary 
dimensions/or sizes— a soft conversion^ * 

4.5 The Practical Application of Dimensional Coordination in Building 

Dimensional coordination Un . buildibg represents a voluntary, -but 
conscious attempt tp "rationalize** the dimensions, of buildings as well 
as the related sizes of building products or components through the use 
of a common unit of size — or module — ^and selectied multiples* Like metri- 
cation, dimensional coordination is a matter for cooperative effort 
rather than, mandate. The establishment of a successful program requires 
the cooperation of. designers, manufacturers, and many other parties to 
the btiiiding process, "to set down general rules and conventions for the 
use ofv preferred dimensions, including guidelines for joints, tolerances, 
and liioits of fit. . . ' * • 

Basically, . there are f ew . dif^^-ences in. the stated "aims, principles, 
or practical- application" of dimensional <:oordinat ion based on a 4-inch 
module, and dimensional coordination based on a 100 tnm module. In the 
latter case, international recommendations and guidelines have been 
established, but, the* result ing\ conventions could be used with either 
module. - * ' 

Recent trends worldwide indicate overwhelming support . for the 100 mm 
module and the derived sizes, and many of the developing nations have 
chosen , to adopt the content of ISO standards, in "tull or with minor vari- 
ations, as their national standards. ^ The trends -also show a move away 
from the rigid application of modular ^^^'g^ the ^ basis for coordina- 

tion, ^and the substitution of a few 'major "controlling planes or lines" 
instead. The distances between such controlling planes are called . "con- 
trblliiig dimensions , " and * • th^se aria normally selected from preferred 
multl»ples of the building module.^ 

' • . '■ - ' ■■.,..*' <t_ 

On plaA, such controlling dimensions can occur in two ways. They may 
either be taken between the "coordinating (or nominal) faces" of build-, 
ing elements, in which case they' are referred , to as boundary controlling 
planes, or they may be. tak^- from axis to axis of struct^iral elements, . 
ijo^which^case the^ axial: controlling planes. Either* 

approach: has v'adyantages. Normally, boundary contjcol ^s more\useful in • 
buildings • with. inany structural elemients and subdivisioBC^nto small spaces;, 
for example in most residential type structures. Axial control, gener- . 
ally, is more apl^ropriat^ in larger buildings or structures, with long 
spans and open plansi. such -as industirial type structures. • ' 



J>lmensloxiis \ 



Figure 4-6: Intennediate 



CohtroXIing Planes 





A' further' ref Ineia&nt is t^^ of supplementary spaces, or 
"•zpnes,T to accoi^ stractural elements and non-usable space. These 

, zpnesi inay be modular 'or hon-mo^ular (neutral zones)^- 
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Wl»trthen^a^ As construction Is an additive 
0I>rTCe^^ be' further divided . into whole modular. 



suiu^ This is where* multipliers such as 6 

(xiivi^liaer^ (divisible by 1, 2, 3, 4, and 6); and ^O 

^jX^ijT^ 10, 12,. 15, 20, and 3Q) liave decided 

ad-rantag^s. In a inetric^ context, diioiensions such as 600 mm, 

(6 /modules), 1200 mm (12 modules), and 6000 mm (60 modules) have long 
been recpgxxized as preferences, independently aj&» their close similarity 
to customary dimensions /'of 2 feet (6 modules), 4 feet (12 modules), 
smd 20 feet (60 modules ^ ^ 

^ In fact j m<stric preferences combine the benefits of decimalizatipn, ' in 
the form, of a 100 -mm basic module, with highly divisiblie numbers, and, 
therefore, would provide some-additional benefits. This is easily illus- 
trated by a ^comparison of the customary ^ m^ dimension of four feet 
Cequal: to 48* inches, or 12 modules) and the pmetric counterpart of 1200 mm 
(12 metric modules). Table 4-1 lists divisibility ii>to * whole subunits, - 
in modular as .w.ell as jion-modular sizes. * **Modular divisibility** remains 
t:he»^sa?ne, while nou-modixlar divisibility is increased significaiitly* The: 

j'^lon-Tiiodular siz^e^ can be used for small additive components, such as 
tileV brick, etc*, which are used in* combination, for example> in mosaic* 

■;-paittems. ^ ■ . ^ ' . 

Table 4-1; Compadson of Divisibiiity * . ; 
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Similar' comparisons may be made for each* "pair** of customary and metric 
moi* lies. . . * . 



4>7 Issues' in Production Sizes of Modular Building Produces and 
./ Components . • . 

l^e manufacturing Industry Is unlikely. to produce metric modular products 
until a demand emerges*. Such a demancl Is unlikely to develop before a 
construction industry M-Day, and may only build up slowly after that;, as 
contracts for metric buildings are let* Initially, some* metric modular 
products are likely to enter the market as additional product lines, but 
a- prolonged transition period would probably create more problems for the 
manufacturer than the customer as a result of dual invento;rle£« For this 
reason it 'is essential that ''consensus decisioi s" be reached - throughout 
Industry — without a commitment the safest course might be to remain with 
traditional sl^es and to let others hazard ^'metric experiments." 

The lessons from other countries do not bear out predictions of gloom. 
They are parl:lcularly .interesting- in a logj^al approach to the estab- 
lishment of "industry p^r^tferences" for budding component and assembly 
sizes, based on the. 100 mm module and se^cted multiples. 

A "metric preferred size selection mat^rLx" is shown in table 4-2. The 
purpose of the matrix/ which was also included on page 54 of the AIA 
Metric Building and Construction Guide [3], is to facilitate the identi- 
fication cf size preferences in four product categories, ranging from 
; small comgpnents to very large components. 

in the slzlnrg of modular products, it must be remembered that -"coordi- 
/xi9:ting dlmensioiis'* are ideal dlmenslozis, taken from cent erline to center- 
:llne of ad jaceiat components; that is, they include half a joint width on 
each side. For example, the standard (or ;spe<;ified) size for modular 
masonry units w.lth coordinating dimensions ',of ICQ x' 100" x 300 mm, would 
be onie joint width less ^ .or 90 x 90 x: 290 mm for the standard 10 mm mor-r 
tar joint. T^^ traditional practice, where a modular 

masonry unit of 4" x'4^ x *12- with a 3/8" joint would have- standard 
dimensions of 3-5/8- x 3t5/8-; x 11-5/8-, except that whole millimeters 
are used instead of inches ■ and fractions. Similarly, in the case of 
bullding/ijoard ;. ar wallboard, the joint width \ is nonnally considered 
minimai -and part of the tolerances allowed for product iop. irregularities, 
so that a -coordinating size - of .1200 x 2400 mm (or the customary 4 * -0" 
X 8 *-0-) would also be the standard (or specified) size. 

To lerancesi^ox^ metric product sizes , will\ be expressed.^ in millimeters 
rather rthan in fractional - tiriits; f or cxampjre, a ceiling tilie might be 
shown as , 300 x ' 600 mm, with" tolerajnces of -2 mm, +1 mm, compared with 
a custoiaary tile of ■12- x 24", with tolerances of • -l/S", .+1/16-, 

•(^ese values are:ishown <^ for illustrative purposes.) 



Table. 4-2:. Metric Preferred Size Selection Matrix 
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4> 8 Construction - The Tra4e-off ^"Between Design Dimensions and Product 
Sizes 

Efficient construction involves the positioning and assembly of a variety 
of biiilding . components froia dif ferent, sources into an organized and • func- 
tional whole with a minimum \of cutting, fitting,. or other waste of effort 
and materials. Modular construction has long been looked at as a meafns 
of obtaining greater efficiency in construction and, thus, stabilizing 
buildingcosts. •. _ • ' . f 

Efficient construction, to some extent, depends on the harmony of design 
dimensions and building' product sizes, as anx mismatch requires cutting 
and/or fitting * of materials. ' Obviously, some cutting will always be 
nfeeded around opeiiings, projections, or comers, but the intelligent, use 
:of preferences can reduce its amount without resulting in stereotypes. 
"This applif^ . regardless of the measurement sysjifem used. * 



However, for reasons discussed earlier, the visibility and divisibility 
of metric preferred dimensions would offer opportunities f or ^ savings 
right through the building design and cotistfuction processes* A trade- 
off matrix for preferred design dimensions and product ^sizes was devel- 
oped in Australia, and has been refined for U*S* use*. The matrix is an 
original **metric decision aid," but it could be duplicated in customary 
dimensions, based on the 4-inch module. 

The matrix, in table 4-3, sliows on the horizontal axis a selection of^ 
* iiimensloiaal preferences for building products between 100 mm and 1200 mm, 
and on the' vertical axis . design . dimensions from 200 mm to 6000 mm* In 
the squares of the matrix, where appropriate, divisibility of the desi^ 
dimensions, is indicated by numerals which show the multiple of preferred 
product dimensions. The summary columns list the total divisibility of 
modular design dimensions as well as the two non-modular dimensions 
included. It gives a very clear indication why,, for example, 3600 mm is 
a better design dimension than its neighT)ors, 3500 mm and 3700 mm, since 
it represents a whole multiple of many different modular product dimen- 
sions. All prime ' number modules, Such as 3700 mm, have been shown in 
italxcs to indicate that they offer more limited value in modular coordi- 
nation. The matrix can be expanded, and readily adapted for computer 
design decisions. 

4*9 Modular Drawing Practice 

Modular drawing practice has . relied heavily on the use. of modular grids 
to control dimensions, - size's, and position, using either the basic module 
or^multimodules as grid intervals. Grids are also used in .metric dimen- 
sional coordination to facillcate precoordination decisions in designs, 
but more emphasis is placed on controlling lines, such as floor or ceil- 
ing planes, which are shown with a little circle at the end. An open 
45-degree arrow "replaceis solid arrows in the identification of modular 
contrblliTig or coordinating; dimensions. 

4*10 The Development of Standards for Dimensional Coordination in ' 
. Building . ' 

The United., States has the distinction of having had the first national 
standards committee on "the coordination* of dimensions in building," 
namely^? ro ject ,A6i2 in the American Standards Association in 1939,- which, 
prepared a series; of four national standards based on a. 4-it»ch module, 
between 1945 and '1957 [4J. Another burst af modular standards activity 
took place after the Acerican Standards Association changed its name 
to USA Standards As^^sociation and;/ a - little later, to* the present nameo 
American ^lational ^^tandards Institute (ANSI), with four additional 
standards^iti the* A62^ feeries issued between 1968 and 1971 [5]. 

' * . ■ ■ ■ ■ ■ ' '\ . ■ 

In. 1974, the ' r^ponslbility for the development ' of standards dealing 
with dimensional caordinat ion * was transferred from ANSI to* the American 
Society f or ^^iSFi^ig~~^ad-Materials^^^ and a new Subcommittee E.6-62 




Table 4-3: Matrix of Modiaar Design Dimensions vs/ Modular Product , 
• . Sizes to Show Whole Mttltiples of Product Sizes and' the 
Extent of Modular Options in the Range 200 mm to 6000 . mm 
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was formed to ^al with "Coordination of Dimensions for Building Mate- 
riais ^nd /Systems, -. under the jurisdiction of Committee E.6, Eerfprmance 
6f-iuiiding Constructions* . 

To date,. ASTM Committee E. 6 has issued only one standard, ANSI/ASTM 
E577-76, Standard for. Dimensional Coordination of Rectilinear Building 
Parts, and Systems [6]. . It uses a novel appjroach of designating dimen- 
sional preferences by the symbol "U" (for unit dimension), and assigning 
values to U in both metric (SI) aad U.S. customary Units. The U repre- 
sents both . 100 mm in metric ur.its and 4 inches in U.S. customary units, 
as the standard increment and the standard spacing in: a modular, grid. 
The standard implies that at some future date dimensional coordination 
based on a 100 mm mpdxile *is likely to take over from dimensional coordi- 
nation based, on the 4-inch module, and that the general principle^ .may be 
applied, regardless of unit choice*. But the duality could lead to prob- 
lems in product io.n and construction, since ' modular metric products will 
notjte interchangeable with modular customary .products, and vice -ver^a* 
ThePkandard is under review, . 'and it has been suggested . that it shoultf- 
1^ replaced by a contpanion stardard in two separate issues, one entirely 
in metric units, and the other entirely in . U*S* customary units* 

ASTM Committee E.6 has under consideration a. proposed standard on 
•T)iiriensional Coordination of Structural Clay Units,. Conci:fete Masonry 
Units, and ' Clay Flue Linings, " as ^ companion^ standards with separate 
metric and customary versions*^ The ideas advanced in the draft standard 
are not new; much of the content "is based on material contained in for- 
mer ASA (ANSir standards A62*2r'1945; A62.3-1946, and •A6214-1947* The. 
comparison standards are discussed in more detail in 5-3* / . 
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"part 5 - PffePERTIES AND SiZES OF METRIC ^BUILDING PRODOCTS— ?REpEDENT, 
'CHANGES^ PROPOSED, AND CHANGES^ IIADE^ ^ \ ' - ^ ^ 

. 5.1 yetrication and Building/ Products - Some Genera l Observations 

A change- to metric^fSI) units in construction would require che review 
of the dimensions- and physical properties^ of raost building aaterial-s, 
components, and \assemblies.V Before selecting, new sizes, . it would be 
desirable to assess"^ the impact of. metrication, difficulties associated 
with the"^ chajige-^overj opportunities'' for r^tionalizatipn . and variety 
reduction, and 'alternative strategies 'for conversi9n, » . • 

Initially, many products would require no change other, . than ^ their 
"description in metric te.rms aM/or ad justthent within exis4:ing^ production 
tolerances.. This metric veneer is termed. a "soft conversion " to equiv- 
alent metric . values within: tolerances,- since the .only changes .that 
would-oe made would occur on paper— in the software. Where dual label- 
ing is used,' it wduld not even be necessary to keep separate inventories.^ 
In a sofg -conversion, a manuf acturef^^would seek out "convenient" numer- 
ical values, -rather- than py-e^erred metric values; for example a 12 inch 
length (304.8 im) would simply be" shown as.' 305 mm. . GeneraJly, a soft 
conversion allows^ producers to postpone changes to new , and preferred 
sizes, or properties until the next redesign or new product^ development. 

■ : . • • ■ s 

On the' other hand, to take advantage of "preferred metric xiimensions or 
sizes'," other .products , would, require a "har^d conversion ," . that is, a 
change to new and non-interchangeable size^, . to fit; in mth industry 
preferences or to . reduce variety. TJve ngrm "hard conversion" is used 
not only because such a change is aften« more.,dif ficult, but Decause the 
hardware is change^d so thajt separate inventories^ would have to be kept. 
A- typical hard conversion would involve a change from multiples of A .inches 
(ioi.6 mm) to multiples of 100 mm; for example, a 12 inch (304.8 mm) .com- 
ponent would .be replaced by a 100 /^mm comppnent. , i 

• * ■ . * ' . ^ . ■ . . 

Metric changes could be .attempted; one-at-a-time, or .simultaneously, 
with all ch^rfges. tor.a product occurring at the same' time,.- in the first 
case, the .costs may be spread over "greater period' of time; however, 
it could require ' successive revision* '.of technical data, which, may 
■ reduce |^s cost-effectiveness. . j . v. • ' 

' The principal ' theme associated . with " change* should be -rationalization 
thrdugh metricationc" This^. means ^ that product ranged should be review^ 

>for ftim:tional' and' economic efficiency, for example, whether the range 
carried presents an optimum rang^^'lvpr whether the steps within a rangej^ 
ar^ really the! best or/ only e^st because* of tradition and, historical 
factors..'* A change to metric. pro<3^cts could, lend itself • to the pruning' of: 
products that have been .liabilities, either as a result of long ^ shelf-, 
life and slow sales, or poor contribution to- .profit. In some Instances,.: 

•product lines could be reduced without costs to the producer, designer. 



or user, K».t: with gains to the producer, distributor, or conrractor. 
Some exarcples ^ "e discuSsed iti the .. .assessment. ♦ of spiecific product 
groups^ * . ^. ^ > • • . . J 

Metric production considerations are . discussed in Section 4,* of iT^^S 
Special Publication 530 tl] dealing with "Managerial and Economic^ 
ConsideraCions in the Change to, a 'Metric 'Production Environment Cuict*- 
ang^ on ccnvefsion strategi^es/and tTire ^-selection, of convenient and pre- 
'ferred we'uric values-' is given* in NBS TechnicAl Note 990, "The Selection 
of Preferred- Metric Values for Design and Construction" [2l • : ' - 

"5.2 Jntemational gi:ecedent as a CuidjS / : ^ . ' , . 

Although the • U'.S. ' cpnstruction community has a. larger turnover th^n 
that of any otiier- countr;*'- the preced_ent of metric production decisions 
•from oth^r, countries -.offers tiiany useful suggestiqas of how ;to . adapt to 
metric with a nriLnimum of cost and disruption^ and of the pitfall,s that 
should be avoided.. * 

Precedent from Britain, South Africa, New Zealand and Australia, is 
already dated by time, and many of the, people who, made ^'t he deci^sions ^or 
mana^5 the resulting changes* have already retired. ";In any 'case, Cana- 
dian precedent is the most .relevant guide, because of the many similari- 
ties in construction technology and practices, joinC participation in 
standards development activities, interlocking industrial ownerships in 
many segments of industry, as well as a- general exchange of technologi- 
cal ideas and research^ findings. In alddir, Canada is geographically 
closest and jLs now in "^the transit;Lonal sL'-kus of metric conversion in 
the construction industries — the Canadian M-Da'y for cons.tfuction was on 
Jahuai^y 1, .1978 — -so that ft presents an. ideal learning model for the 
United States. -While it has been suggested that, due Lc the much larger 
U.S. ^economy, itietric adaptation ^costs * and problems would be greater 
than elsewhere, (in the case of the concrete block industry the relative 
size pf Canada and the. United States has beea used as a factor in cost 
estimates). These predictions of cost have tended to ignore three 
aspects that would facilitate a change in the United States:^ 

t, ^ * - * - ^ 

1. -A l^arger economy allows a "progressive change" with manufacturers 
changing when it is econoniically. most advantageous, and not >all at 

.the same time. As metric demand builds up, more and more 
c organizations would change. 

' ' - " ' ^' ' . 

2. Lead-times -now .available * allbw for opti -lum planning of equipment 
obsolf^scefnce and. replacement decisions. . - 

• * ^- - . . ' 

3. With vaojiety reduction, larger and longer production runs are 
possible, whichr would reduce .unit costs. * r * 

In* the discussion of metric progress aftd proposals in various, industry 
segments; , Canadian '^precedent will serve as an illustration of : "metric 



trailblazing," i5articularly as Canadian iridustry is now producing products 
based on joint United States/Caaada proposals. ^ • 

5.3 • Metrication and Masonry Products v 

.Masonry- units j» maj^* from fired clay or concrete, have traditionally been 
of modular sizes. ^ The masonry products industry has not taken a defini- 
tive stand on metric dia^nsions and sizes, but some masonry iridustry 

"leaders see the value , of ^metric masonry products as a backbone ih-yrietTic 
dimensional coordination. As in other ' countries that have converged, 
me.tric masonry unit .sizes would probably be i determined early on and be 
available wh^n needed. Earty predictions' of ' greater * costs 'associated 
with the cha'nge have not materialized in other countries, because the 
av'ailable iead-time ^as 'used to minimize costs by taking advantage of 
planning obsolescence in production machinery, and normal replacement 
cycles- fbr extrusion dies and molds. Also, some products now produced 
are within tolerances ;of metric sizes; -such as the 7-1/2" brick. 

As noted in 4.10, the American -^Society for Testing and Materials (ASTM) 
Cpramittee E.6 is in the process of developing a standard for "Dimen- 
sional CoordinatiSn of Structural Clay Units, Concrete Masonry Units, 
and *Clay -Flue Linings," to. be issued in two non-interchangeable com- 
panion documents, prie in* SI units and' the other in ^U customary^uriits." 
The metric version *will have preferred dimensions ^ based on -the 100 mm 
module. A significant difference is that the metric standard proposes 
only two standard joint thicknesses, 10 mm and 5 a:m, compared with three 
s,tandard.. joint thicknesses in customary uni-ts (1/2", 3/8", and 1/4"), 
for. brick and facing tile, thus reducing ^.variety in design detailing send 
production. ^ ' 

/ ^ : . ■ 

5.4 Metriciatior and Building Lumber 

The lumber and wood products industry has studied metric issues for the 
past, five years as part of the', work of the ANMC Lumber and Wood Productis 
Sector Committee and its ten Subsectors. The industry has relaxed its 
early activities based on the assumption that most issues have been 
resolved and that there; is no great pressure fpr conversion within the 
industry or on the ^ industry. A general statement of the industry's 
metric position in mid-1978" is contained -in "Lumber>and Wood Products 
Metric Planning Package" [3], issued by the Nationail Forest: Products 
Association. 

On page 4, the/document proposes a soft conversion of existing widths 
and thickhesse*s -of softwood i>uilding lumber, with marginal . rounding down 
in the larger "^izes. (Tables 1-5, , pages 12-16.) Widths and thicknesses 
will be designated in' millimeters (mm) and in net dimensions -ir^ther than 
current nominal sizes.- Lengths will be hard converted in multiples of 
600 mm, .coordinated rrl th proposed building, dimensions based on the, 100 nun 
module and proposed metric sizes of panel products..^-; 
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HXL marketing and costing, lengths will be shown, in meters (m). The 
proposed sizes would probabiy be reevaluated during and after an actual 
conversion, when both producers and users " realize that greater ratio- 
nalization is possible with preferred siz'is that suit the needs of the 
Industry, and facilitate the design and construction processes. " 

/ ' 
5.5 Metrication and Concrete - . • 

The concrete industry woiriTd liKely be a lead sector in any •metritization 
effort as it has been ^in other countries that hav£.^jiade the change. 
Modifications necessitated by the. change to SI are not extensive, but 
the potential for variety reduction and rationalization is considerable. 

-S.S.l Bulk Materials' for Use in Concrete. ^ Constituent fnaterials used 
in the manufacture of concrete . would not represent major problems in a 
change- to metric (SI) units. . Sand and ^'aggregates could be delivered by 
the metric ton (t) instead of the U.S. short ton. - Iv^ere- •volume -is. pre- 
ferred, such. as in paving, the cubic meter (m^) could replace the cubic- 
yard (yd^) .and cubic foot (ft^). Water could be measured in t'errni^ of 
liters [L] instead of U.S. gallons. As mentioned earlier-, the relation- 
ship of the liter cube and kilogram, and' their derivation from the cubic* 
me,ter (1 l'= 0.001 m^; 1 L of water at S.G.' of 1.0 = 1- kg) would- facili- 
tate mix and placement calculations.. Cement is a f)owder and* would not 
require any modifications -in the manufacturing process.* However, bulk' 
cement could be sold -by the: metric ton (t), while bagged cement, would 
probably be -shipped In 40 kg bags; (25 bags per metric ton), replacing 
the current 94 lb. bag (4^ kg). 

5J5.2 Ready - Mixed. Concrete . Ready, mixed concrete could be delivered by 
the cubic meter (m^) , approximately 1.3 cubic- yards, but increment steps 
for orders could be a matter for local determination within broad overall 
guidelines. Concrete strength grades could be , expressed -in megapascals 
(MPa) instead of psi, in a regular, > progression with fewer steps than at 
present.' It is ^likely that 5 >lPa steps would "be used, such as:. 15 MPa 
(2175 psi)l 20 MPa (2900 psi); 25'MPa (3625 psi); 30 MPa (4350 psi); 35 MPa. 
(5075 psi); and 40. MPa (5800 psi). - For higher strengths, increments of 
10 MPa would likely be preferred- * 

5.5.3 Concrete Reinforcing Steel . A change to metric (SI) units would 
present an opportunity for the review and rationalization o: reinforcing 
steei sizes .and ranges. This, fact is well recognized by the Concrete 
Reinforcing .Stfeel Institute (CRSI), which has been involved, in ^detailed 
studies and discussions with Canada to bring about a newc^nd ratiSnalized 
range of reinforcement in North America.. • . " 

Proposals are based on preferred sizes deriVed-from the principal design 
criterion, cross-sectional- area, and the use of sizes iyi select multiplies 
of .100 nm^. The' metric sizes i. which are -the subject of a standby standard 
prepared within ASTM^ are already in use in. Canada. . They involvje. a reduc- 
tion, in range from the 11 current sizes to 8 metric sizes', a jid,' .t herefore 
simplification of production,' : disjtribution, fabrication, and design ^ 



activities. Fiye of the eight new sizes are within weight; tolerances of 
existing bars, which ^raeahs that roll changes are needed for only three 
fear sizes* ' . " 



Two Canadian standards provide * details of the geometrical and other 
properties of the new range: CSA -Standard (?30,12-M1977, Billet^Steel 
Bars for Concrete Reinforcement [4]; and, CSA Standard G30.16-rU 977, 
Weldable L6w Alloy Steel Deformed Bars for Concrete Reir.forceraent . [5]* 
Table 1 in both standards is Identical apd has. been reproduced for 
information; . ^ , . • * 

Table 1 

Oeformed Bar Designaticn Numbers*, Nominal 
bimehsromt. Unit Masses, and Deforfnatlc>n Requirements . 



8w 

Mumtar ' 




Mass 

(W«(gni) 

kg/m 




CroM- 

SMUCfWl . 
ATM 






Mttimum 
Av«raQ« 




Maximum G«p 

Chord Of t2.5 
ParCMilof 
. NoHMoal Pwfifiu'laf 




mn 


10 ' 


100 


11.3 


35.5 


0.785 


7.9 


0.45 


4.4 


15 


200 


:6.o 


50.1 


1.570 


11.2 


6.72 


6.3 


20 


300 


19.5 


61.3 


2.355 


13.6 


0.98 


7.7 


25 . ' 


500 


25.2 


79.2 


3:925 


17.6 


1.26 


9.9 


30 . 


700 


29J9 J 


93.9 


5.495 . 


20.9 


1.48 


11.7 


35 


1000 


35.7 1112.2 


7.850 ' 


^25.0 


1.79 


14.0 


45 


1500 


43.7 


137.3 


11.775 


30.6 


2.20 


17.2 


55 


25C0 


56.4-. 


177.2 


19.625 


39.4 


2.55 


22.2 



* Bar numbers are based on' the number cf milh'metres ir^^luded in the 

nominal diam^er of the bars. > 
t The nominal dimensions of a deformed bar are equivaient to those of a 

plain rourid bar haying the same mass per metre as the deformed bar. 



The cros6-sectional areas- for .conventional bars .[#3 to ^^18] 
for comparison purposes -and metric replacements are shown- below 



are 



given 



Customary 
iesignatior 



Area imran^ 



Metric' Area, 
^Designation 



#3. 



I i 

-#4; f*5 



100 



#6 



#7 



./AT- T.J 



200 300- 



71} 112^1 200 1 284 387_ jsioj [645, jS19j 1006| |l452 2581 



#9 ' 



#10 



#11 



#14 



#18 



500 



700'- 1000 1500 2500 



*The 1 00 mm rebar. replaces both #3 and #4; jthe^ .700 mra"^ t^bar /replaces 
both #9 and #10. Only #7 (7/8" 0) hal5 ho "metric - equiyaient, and' 'its 
use should be Aimited as the trann^itipn period approacliies^tb. avoi;i the 
.possibility of non-avaflaMllty after a change* is impietnented. ,Sorae 
ikiildings ra^ be built , during - the change f rom one. range to . anothei:,^ 
and foreknowledge of metric proposals will minimize adaptation problem^,. 



)reknov 



5.5*4 Precast and Manufactured Concrete Products^ While ;in-situ concrete 
constjruction in metric units would be a matter of fairly simple dimensional 
adaptation by setting formwork to met^tic spans, . spacings, or other design 
dimensions, manufactured concrete products made in forms .or on casting 
beds to foot-inch dimensions cpuld present * mo.re adjustment problems. 

For ^example, prestressed structural- sections, such as T-beams or double 
T-teams, could ^ be aroduced to metric . preferred lengths without' much 
.diff iigji^ty;; howeverj^ nominal width preferences would require a definite 
change from foot-inch width to metric widths. In the^case of. a typical 
section with a coordinating width of S'^O", a .cliange to . a Inetric width 
of 2400 mm would require a reduction of 1-1/2" (or. 38 \m) overall, or 
S/A** (19 mm) on each side. This might be accomplished by the insertion 
of a .3/4** filler piece on each side, if the* sides of the form are not 
adjustable. Otherwise, the prof ile . would probably remain lyinaltered 
until the form, is replaced, . renewed, or possibly superseded by a new 
design in metric preferred dimensions. , . 

, • * . . • ' * 

Lead-times available now could be well used by identifying lif ecycles 
of casting forms, potential new desijgns, and . alternative adaptation 
strj^tegies to enabler a cost-effective adjustment to a metric building 
environment. >/ 

• 5.5.5 Concrete Design Data and Technical Information. The Ameri^a?& 
Concrete, Institute (ACI) and the Prestressed Cbncrete Institute 0^1) 
have endorsed^ metrication, abased on an orderly and planned approach-. — -In 
view of their international constitue?M:ies, both institutes are actively 
engaged in developing a**metric technical data bank ^for concrete and con- 
crete products. ■ ACI has an active Board Committee on .Metrication, and 
has an Institute' policy to develop a hard metric version of chs key- 
technical document prepared by iComnittee 318, - "Building Code' Requirements 
for Reinforced Concrete" [6], by. 1983,*" with the /.parallel publication of 
related standards by that time. - 

5. 6. Metrication and .Metal Products 

5.6.1 Structural Steel Sections . The principal ANSI/ASTM standard for 
structural steel products, A6- "Standard Specification or General 
Requirements for Rolled ^Steel Plates^ <iShapes, Sheet Piling, and- Bars for 
Structural Use" 171 > contains metric equivalents and metric dimensi-ons 
and properties for; standard shape profiles in the Annex. -A more exten- 
sive listing of* properties is contained in the Canadian standard CAN3- 
G312.3-M78, "Preferred Metric Dimensions, for Structural Steel W and HP 
Shapes, Angles, and* Hollow Struct^ura'l Steel Sections" [8]. 

Whereas the -Canadian Standard uses the same sizes and designations for 
W and HP Shapes, equal* leg * angles and* unequal leg angles have been 
rationalized in metric ,dinjensions and thicknesses, 'as tabulated below. 



aU93 - G312.3-M78, Table 3, 



CAN3 - G312.3-M78r Table 4 



^ Eqiial^Leg Angles [Metric] 

i' • ■• . . • ■ ■. ■ 

^ > Thickness (mm) 
Size ' . . •/ 

{mm) 3 4 5 6 8 10 .13 16 20 25 30 



• Unequal Leg Angles ["Metric]. 

Thickness (mm) 
•Size ' . 

(mm) 3 4 5 6 8 40 13 16 20 25 



25iia 
35x35 
45x45 
55x55 
65x65 
75x75 
^90x90 
100x100 
125x125 
150x150 
200x200 



XXX 
X X X .X 
X X X X X 
X X X X X x 
X X X X 
' X X. X x 
XXX 
XXX 
■ - XX 
' X 
X 

/ ■ 



X 
X 
X 

. X 
'X 
X 



X 

X X 
X X 



45x30 

55x30 
. ■ 65^0 

75x50 
^80x60 

90x65. 
. 90x75. 
100x75 
100x90 
125x75 
125k90 
l'50xld0 
200x100 
200x150 



• /■ . 

Total Range: 5Q, 



X X X X . 
X X X X 
. X XX X • 
XXX 
.X X X X 
" X X. X X 
3^ X X X 
. XXX 
'.-XXX 
XXX 
X X 
XX 
X 



X 
X 
X 
X 
X 
X 

x; 



X 
X 



X . X 



total Range: 56 



The steel industry has identified metrication as an opportune time to 
make/some changes and to rationalize product lines for more efficient 
o^rat ions. . For example, tne 43 , sizes for . steel plates in customary 
units have bedfe replaced with 28 metric sizes, a reduction in variety by 
^35 percent, which will* facilitate production, distribution; "^fabrication, 
and design detailing once a transition has /been made. - 

A range of ; American . National - Standards. [9] and identical Caiaadian 
standards [10] exists which provide, guidance on preferred s±zzz for metric » 
steel products other than structural . shapeis and other products: 



ANSI <B32. 3-1977 
. ANSI B32. 4-1977 

ANSI B32.5-1977 

•• • ■ 

ANSI B32.6 " 1977 



■Preferred. Metric Sizes for Flat Metal Pro - 
ducts'- (Corresponding Canadian Standard is 
CAN3-G312.1-75) ; 

Prefierred 'Metric. Sizes for Round, . Square 
aiid Hexagon Metal Products (Corre?ponding 
Canadian Standard is CAN3H3312.2-76) • ■ 

Preferred :Metri^ Sizes for Tubular Metal \ 
Products Other Thanr. Pipe . v 

- j^rQfQrrcd''M et r i.c Equivalents of Inch Sizea 



for TubuIaWMetal. Products. Other Than Pipe 



77 



ERIC 



Most, steel '^standards issued by ASTM now have dual dimensions, and a fe^ 
have^a separate, hatrd converted metric verft.ion designated by the suffix- 
H- after the standard identification number; for, example: ' 

•■ • * k • ,. , » 

ASTM A568M-77 . Standard Specification for Steel, Carbon- 
arid High Strength Low Alloy Hot Rolled' 
Sher»t an* Coli Rolled Sheet — General 
• Requirements (Metric) [llj * « 

5^6 Fasteners* The fasteners industry is on the' way to a single 
system of . international fastener standards. The Industrial Fasteners 
Institute (IFI), in. Cleveland, Ohio, has conducted extensive studies 
.into an optimum -^system of metric mechanical fasteners and fastener 
application engineering, and has found . that significant economic and 
technical benefits can *be shared by users and/producers of "fasteners if 
advantage is taken of technical improvement opportunities, more effi- 
cient use of .materials,^ and "reduction^ in the number of different 
parts. * . * ' , • " 

» , • ■ ■ . 

After f ive ; years, of research and ".technical investigation,^ as . well as 
liaison with ISO technical committees, the Industrial Fasteners Insti- 
tute published a series' of . /*Metric Fasteners Standards** [12] in 1976, 
which provided for- significant product ratioaalization* Screw threads 
were based on the ISO basic thread profile shown in Figure 5-1, and the 
standards allowed for ohly pne series of diameter-pitch combinations, 
rather than -coarse^ atid -fine**-, threads. . 

Figure 5-1: ISO Basic Thread Profile 




0125P 

BASIC MAJOR DIAMETER 



P (pitch) 



Of particular interest 'to engineering and construction may be standards 
for bolts, screws, nuts', rivets, and* other fasteners. . IFI Standard 520 
[12] deals with "Metric High Stirength Structural Bolts, Nuts and Washers," 
and covers nominal lengths from 45 mm to 300 mm, in the following 

^ increments: 

45 mm to 100 mm: Incremental lengths of 5 mm - 
100 mm to 300 mm: Incremental lengths of 10 mm 

• • • ■ ' * 

Nominal bolt sizes are designated by a capital M, followed by the 

nominal ^ody diameter (e.g.> M20 for 20 mm) and an indication of thread 

pitch in millimeters (e.g., 2.5 for 2.5 mm). The following, combinations 

are li-sted: 

45 and 55 mm: M16x2 - . . ' ^ ^ 

55 -and , 60 mm: M16x2, M20x2.5. 

65 and 70 mm:. M16x2, M20x2.5, •M24x3 

70 and 75 rran: Ml 6x2, M20x2.5, M24x3, M30x3.5 . . , 

70 to 300 mm: Ml 6x2, M20x2.5, M24x3, M30x3.5, M3.6x4 

This abbreviated listing is indicative of the simplicity, of the metric 
range. * 

^ • ■ . ' 

The IFI Metric Fastener Standards are in ''"the process of being revised, 
and a new edition is anticipated in the first quarter of 1981. , Some 
modifications have been made to bring the entire metric fastener system 
into line with ISO standards. . 

Metric fasteners ate being used widely in industrial -applications, 
particularly in the automotive industry. 

5.6*3 Steel Tubes and. Pipes . It- is likely that most steel tube and 
^pipe products will initially be^ "soft converted", to equivalent metric' 
sizes. 

However, ^ the Tube and Steel Company of America ' [Tascoa] , of New York, 
indicated in a May 1980 new release [13], that the company is leading 
the way to metric sizes and that hard metric sizes are available for 
the 'following tubing: 

Squares Rectangles • . • 

. 30 mm X 30 mm 25 mm x 50 mm 

40 mm X 40 mm 40 mm x 80 mm * * 

. 50' mm X 50 mm 50 inm x 100 mm 

60 mm X 60 mill ^'^'^ 60 mm x '120 mm 

• loo mm X. 100 mm 80 mm x 14C mm 

\ . - 120 mm-'x 120 mm 100 mm x 180 'mm ' 
125 mm x 125 mm^ . , 150 mm x 200 mm 

5 , - • . * « 

The ^release further ;:tated that ^additional sizes; of 150 mr?. x 150 mm and 
173 mm x 175 mm would lie added to the rang^, and that with the planned 



addition of a new nill in April 1981, production capability of "hard** 
metric sizes' would be increased. 

• • •. - ♦ .. ^ , . 

5^6.'4 Other Metals - A ihiinum. Brass, Copper, Lead,. , .and Zihc > Planning 

for metrication is well advanced in the alurainuni industry. Through* com- 
mittees of the -Aluminum Association, the industry has iDeen p'"eparing for 
metric conversion for nine years. . In 1978,- it issued a ^''hard metric" 
version of -its basic ^.reference document, "Aluminum Standards and Data" 
.[14], using logical metric values for long-term use rather than restating^ 
customary "values *in metric terras by the use of ^conversion factors. 

The Aluminum Company of America (A]iiCOA> recently published preferred 
metric sizes' for its aluminum sheet and plate products,* in" line wi,th 
ANSI standards;- and details are available 'through the Aluminum'- Associa- 
tioOj the^.National Association of Aluminum Distributors, or the American 
National Metric. Counci^l. " : * . 

At nhe national Tevel,- the Mgta^Ls Sector Committee of the ANMC^^terials 
Coordinating Committee, has 4eveloped an outline plan and schedules for 
the change to SI in th'e*'mptals industries. Timing of metric produtq^tion,^^ 
generally., is complementary to . the reco^^nended construction . Indus'tries 
metric conversion schedule. ' ^ . * ^ 

5.7 Glass Products •• . ' 

At change to metric (Sr)^.units would, penjit some dimensional rationallza- ' 
tibn of -glass thicknesses, with metric desi^ations given in millimeters, 
(mm) anc[ whole niiimbefs -rather than fractions. A system of peirmissible • 
tolerances on thickness. ^ would mean that some "bf the • existing gla&s 
thicknesses would be fully interchangeable with new metric thicknesses. 
Additionally, tolerances for length and width of cut sizes have been 
related to - glass thickness, so " tha.t *a metric, accuracy, system' could 
likely lead to better fit and functional perforaance of . glazed elements.^. 

The ^standards, adopted by the Canadian glass industry [ 15] .provide^.a good 
guide to the direction in which the metric change, could head, especially 
as one of the pr^ncipai^ glass ^ suppliers in Canada,/ PPG Industries Canada 
Ltd., is ; affiliated with PPG Industries in the United States. The 
principal metric standards include: . • 

CAN2-12.1-N79 Giass, Safety; Tempered r , ' \ 

CAN2-12.2-M76 Glass, -Sheet, or Laminated; Flat, Clear " . ' 

. CAN2-12^3-M76 Glass, Polished Plate or Float; Flat,* Clear 

CAN2-12.4-M76 ; Glass, Heat Absorbing / , ' , . ' - 

CAN2-12.8-M76 Glass, Insulating Glass Units 
• CAN2-12.9-M76 : Glass,. Spandrel 

CAN2-12.ld^M76 Glass,. Light and H^t Pof^^z^^^Tlg #or ^Rm' IH-fTig^ — -l^^ 

Constructibn * ^ • - / 



.. CAiJ2-12.1i-M76 'Glass," Wired; Safety"-- ■ 
. - CAN2.-12.-r2-?t79 Glass Sheacs, plastic, 'Safety - 
r- CAN?-; l-2-n3->I79 /"Glass-/ Ps^ . 

.The principfii^ dimensibnal standards for 'gheet or "laminated,, polished 
plate or float, • insulating.' glass units, at.d spandrel glass are sBown- 
.in table-.5-X.' ' . ' " , . 

Tarbie 5-1. Principal 'pimensional Standards-Glass Products 

Nominal .'/Thickness ' ' Cut Size ' • ' ' Canadian National Standard 
Thiclgiess Tolerance- L^gtft /smd T-Jidth ^ CAN2-Series 

(mm'): . /<mm'X^: ' ■ Tolerance (mm) • 12. 2M 12 .SM 12.8^^ 12. 9M 
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Wired safety-^glatss^comes-in'S hm thickness (+1.5; -0) ^nd 10 mm thickness 
(+0>5; -UD: / * ^ * • 



J. 8 ^ Panels, 'Sheets, and Tile - . : ^ 

ji » * . . . .. ■ ^ 

'Rigid or " flexible sheet ajid tile idaterials for use on vertical and 
horizontal surfaces in- buildings ar:e dimension'ally significant, . inas- 
much as they generally bear a relationship to preferred dimensions. 
Customary products have nominal sizes related to multiples of feet, or 
incheis, and the-re is . a general . f iit with the A-inch building module, 
except for floor and wall tile. , , . ^ * . • 

^ - ■ ^ ■ ' ' . 

As part of a^^change to metric dimensions, these products? probably would 

change to whole multiples of millimeters, and, as new products 'are intro- 
duced pr product lines rsatiorialized, tQ metric preferred sizes- .coinciding 
with whale multiples of. the 100 mm building module. .So me produo-in^ 
sectfors hgve indic ar<?f| ^^o^r — re comm i endQd p r efeii-ed Siz ' es T For example, 
the. metric advisory c]ommxttee of' the American Plywood Association recom- 
mendsja metric panel size of 1200 x 2A00 mm for sheathing grades of 
plyw6od;1 thus permitting a direct relationship between preferred -spacing 
of structural members and" the sizes'- of plywood. . ' i 



Cosj^cems have .been, expressed by segments of ;be gypsum board .industry 
^that-a -hard conversion" to a metric board size of 1200 2400 mm would 
'^caiis«'\J,osses in productivity and output and that a soft conversion of 
existing sizes to i metric slzs of 1200 x 2440 mm (or 1219 x 2438 mm) 
would* be -preferat)le. * • 

, * » ■* ■ " ■ <» • 

A saf t cbnversion .of existing sizes, without any change or changes 
withia production tolerances, could be an interim solution which may be 
supplanted by genuine "hard" metric . si^es should"^ building designers 
begin to specify such products - and contractors demand them - for use in' 
metric building projects. The concern is .not new — ^it was expressed irt 
Britian, Australia, and Canada — but * in each case the industry rapidly 
moved* to preferred metric sizes as demand for products dev^sloped. The 
lead-time available now might be used to assess any equipment obsoles- 
cence, so that . replacement machinery could be introduced to coincide with 
a change to metric sizes. In Canada, 1200 x 2400 mm, -1200 x 3000 mm, and 
1*200 X 360& mm . gypsum wallboard 'or ceiling panels, and 600 x 2400. mm and 
1.200 X 2400 mm gypsum sheathing board are now being supplied by Canadian 
Gypsum and Westroc Industries. . 

5.9 Roofing ' \ , 

Roofing materials include metal decking, shingles, tile, bituminous felts 
and a variety*>.of specialized materials and systems made from asbestos- 
cement, fiberglass reinforced polyesters, etc. Dimensional considerations 
involve effective cover and overlaps, size and shapes of profiles, and 
effective span between supports. ' . « 

■ ■ i ' . . . ^ - 

i>ue to the variety -of origins and the relative simplicity o£ site 
modification .by cutting or adjustment lof overlap or projectix)n) , ther^ 
has been no strong dimensional discipline in traditional roofing Jnaterials ' 
and systems. A change to modular metric, dimensions would perrr^^ ^ a 
reappraisal of approaches and provide an opportunity for rational! -yn 
of sizes, spacings, a,nd overlap. . . . _ . ^ 

The first* industrial segment of - the roofing" indus.try to have . asses^secf 
the opportunities of metrication in the wake of. the Canadian experience 
is thfe asphalt roofing shingle segment*. "Metric Singles*," approxi- 
nately 18 .percent larger than customary, shingles, are in pvroductiori in 
California (Thagard. Oil Company/ and- in New England (Reynolds Aluminum 
Building Products Company)^ arid have gained, .wide acceptance; The shin- 
gles are 1000 mm (39-3/8") (t meter) lon^, -and 536- mm (13.25") ^wide, and 
are produced on the. same manufacturing pl'ant, ^quiring very little, new 
equipment. -^Reports .on .the. /production,, use, and acceptance - ;of* : these! 
shingles are contained, in ANMC Metric Reporter issues of March 21, 1980, 
and July 1,» 1980 [16]!. - • " ^ \ 

Proposals'" haVe also been mdde in the metal* roofing segment .to" introduce 
a, metric, profile for roll-formed metal ^decking, with: an *eff active'"' clover 
wijitjv ot 1000 mm .(39-3/8-) to take the place of * the, traditCorial width" 
bf^eVftiches (915 mni), an ^effectivg^iJjKirease ^ width -tarT- appLuxii J ^L ' e lY" 



nine percent* The length of metal roof, decking rejprclsents no major 
problem in the longer term, as st6ck l-^ngth could be adjjusted tp'^suit 
metric preferences, and special lengths would be . available on lar^e 
order quantities in the same manner as now. -* ' -lA- • 

" •* - : ' ' VV. ' 

.5.10 Construction Assemblies - Doors:^ Winc'ow^, P ar Mixtions, Skylights, v. 
etc. ' ' ■ ' . ■. ? 

Composite building assemblies, such as doers (including frames), windows, 
partitionsjt ^nd skylights!, -could be designed and manufactured to suit 
dimensionally coordinated openings in walls or roofs. It is important 
to realize that in a metric building, environment the sizff of, the oiperi- 
ing rather than : the size of .the product or assembly is regarded as the 
critical determinant. The reason, .basically,, is simple: : if products 
are manufactured too fit into a standard range of preferred openings, 
variety reduction can take place :in mariuf aoturing ■ while simuitaneoilsly 
providing the designer with alternative, ^though standard, choicies.^ This 
approach could lead to better products* and lipntainnent' of construction 
cost^. Special requirements in prestige buildings br unusual structures 
could be . catered for as is done now— by individual or batch production 
of special 'assemblies. ^ , . /■ ^''^ \, 

A change to metric ' preferred dimensions could be a unique point in ^fime 
at which tp reappraise' standard details, or to develop standard details 
where*" none exist. Jf precedent is any guide, the , use of* a single 'unit 
of measurement—the millimeter _ (mm) — for the layovit of openings, the 
manufacture of components, and the specification of .tolerances leads 
to better accuracy in buiiSihg. « ' . 

5.11 Stairways and Built-in Elements . >. 

The standardization of floor-to-floor heights (story he'ights) in buildings' 
makes it'attractive to standardize stair design and detailing, in concrete 
aS;.weil as steel or wood. This could enable a highe'r degree of prefabri- 
.cation, especially as the early availability of stairs on mediutm or high 
rise building project's facilitates . construction activities and improves/ 
on-site safety. ..The . use of millimeters f or^ the geometric layout and 
detailing of st^i^ (overall dimensions as well- as rise arid- run)* would 
facilitate design, manufacture, and-, con's tructx on, and make it. possible 
to avoid or reduce inaccuracies," especially uneven .riser height,^ and 
thus improve stair safety, * " . 

Pr6fef.red horizontal, arid . vet^ical dimensions, in""^ building . facilitates 
the integration ipf large, precast ^or prefabricated components and ele- 
ments." Again, the* elemental, dimensions would be expressed in the same 
Tnca^urement units as the tolerances and clearances for .positioning and 
fit, thus reducing the likelihood' of mismatch. Overall, metric design 
and construction, could- likely lead, to neater solutions. ^'^^ . 



5#12 Services Systems; Electrical, Lighting, Air-Conditioning, 
• Plumbings etc*'^ * 

A transition to. ''metric" dimensions and configurations in building 
services would likely be a slow and gradual one, characterized byratio-r 
- nalization of sizes and. rajages wherever practicable, ' if tfhe industry 
•'determines an Jl-Day, new product development is almost certain to be 
"carried out in; metric units, ^ and to metric preferences. Electrical 
^wiring sizes may change following >i research evaluation of present sizes 
and the^ potential f or optimizatici? to benefit designers, producers, and 
users* Plumbing "pipes unlikely would require more f han a soft conversion 
of "nominal**' desi^atious, except .for the chance/^ to classify all alterna- 
tives according .to the same piriflciples, possibly internal^ diameter or 
cross-sectional area. Air-conditioning ducts may change Vith new sheet 
-metal sizes, . and some prfefe^'red metric duct conf i^rations have been 
indicate'd in American * Society of . Heating, Refrigerating ^and Ai"- 
Conditioning Engineers (ASHRAE) documents. \ 

Fixtures, ;f it tings, and accessories could be changed to metric preferred 
size's'where this is essential to their "coordination," but need not 
otherwise be changed, except when new products are developed. Among the 
fixtures and fittings which may raqtiire a hard conversion are components 
that are integrated into wall or geiling systems, such as fluorescent 
lamps for use in modular . buildings, and air-conditioning grilles or 
diff users.- * ' ' ' - . 

Considerable investigation has been carried out in the United States and 
other countries to • arrive at a. "metric fluorescent lamp,'' for use in* 
metric modular coiistxuction, which would be able to use existing, ballast 
and^^upportZ is y;S terns. A lamp of 1160 mai length has found wide support in 
discussions within the International Electrotechnical Commission (lEC). 
The^IEC is the international standtodization body in -^the field of elec- 
tricity ^^and"-electrical* Applications • (It is noted* that the current 4- 
foot fluorescent lamp is actixally too l^ng for '.end-to-end mounting ' of 
lighting fixtures in modular construction based on a 4-foot ceiling grid, 
so that desigjiers have had to . either modify their .. layout ^ or select a 
larger ceiling module, such as 4'--r', 4'-l-l/2", o.r 4'-2".*)' 
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PART 6 - BUILDING SERVICES AND ^ETRIC CONVERSION 
6.1 Ovirv^w . \ 

Modern buildings are designed to provide a physical and functxanal 
environmeht in terms of indoor climate, electrical services, ligfat±ng, 
hydraulic services, and mechanical equipment, which, in- corabinarion 
account for a substantial part of the total building cost, B^id 
^escalation in energy costs—which cannot be attributed to metricatzton— 
has forced a. wholesale reappraisal of design approaches to use energy 
wisely and to extract the maximum utility out of every energy dollar 
spent.^. , • • 

It is suggested that metric design for energy conservation^and utilization 
, will be simpler than* In U.S. customary units because only a few, coiaerent 

'SI, units nfeed. to be used, thus making alternatives more diVectly cx»ar-- 
• able* Since ^all 'units for electrical applications are already SI amits, 

metrication would" simply 'complete the change for other forms of enecgy. 

6-2 Coherent Design for Energy Utilization and Conservation 

The use of,metric (SI) units would make the understanding of thermodynacnssi 
and mechanical ei\gineering easier. Trt line -^ti^itV: Idws of physics, oirrr 
one uvLLt^' the joule (J), represents all forms of energy, whether aechani- 
cal (work), thermal (quantity of heat), electrical, chemical, -nuclear, aw: 
y even molecular, thereby replacing a wide variety* of unrelated custo mary 
units. ' . . • 

The pivotal role played by the joule is shown In figure 6^1. For example, 
a force of one newton (N) applied for a distance of one meter (bO will pro- 
duce one joule of energy -or heat. In tfte same manner, one matt .(W) of 
electric power' applied for one second (s) will , produce one ja^le of 
or energy, (1 J = 1 N-m = .1 «W*s). Mor:e interestingly, the ^joofle remains: 
the numerator in all compound- units, which, , in a coherent system with one-^ 
to-one relationships, will, greatly simplify calculations and reduce 
errors • 

c 

It is easy to appreciate the direct relationship between coherent units, 
when it is compared witl> the tradit^ional situation, where such units as: 
Btu, therm, horsepower-hour, foot pound-force , and kilowatt-hour are all 
used for energy. On^ SI unit, the watt (W)", which is' related an a one- 
to-one basis .to .the joule, would replace such variety ^or. power or heat- 
flow as:,. Bjtu/s, Bt^u/h, Btu/d, ft-lbf/s, fflbf/min, fflbf/h, hocsepower,. 
and ton of refrigeration, quite, apart from the fact that there axe dif fer^ 

^..ent values for the Btu and the horsepower, depending upon defeiltions, 

""context, or reference values. 

I ■ ■ ■ ^ - ' , 



SfcgnrcVl: The "joadLe" PivoJarSait for Energy Design. 




Note: Solid aram nines indicate that the originating unit is a 

multiplier- . . , 

Broken: aEX» lines indicate . that the originating unit is -sn cJ 

dcnnmffBartTTT" 

DotceElii^ indicate that the derived unit is the reciprocai. 
■of. the oca^siating unit. 




ERIC 




of f* i iH^, y xe^:jB^t clearly deffmed and dndeisrootf^' it. 
t to eqgr g€<±n xational desi^DrrEor * energy uZEli^&gan on 
IHjse of =a tmits would 'claidfy -may hither too ^-cdKcrre 
Bs of s^s&ltEte tmits and systemrcoherencei 

•^33 13pcrri cal jaac □J.luaipa^on Engineering 

EleoiicaX an±ts sed in- the^TJriited States have been meLr^ unite szace 
t^e?fi9tt^ £ixst deSned between 1860 and 190D. The practical, units ror 
resistance (oiizzr)^ iwtential r^wlt), current (ampere) ^ charge Xcoulanb), 
a nd c apacity ^fmeiJ? were isxtro^ced at the International Eledtracal 
COnpess ±n Earis zrn j 1^81, and ±he '.ait for inductance (iiaary) «as 
^StBsS. Mti tibB CcngDBs [in Chitego ±ie 18&3, It can he said thac: "cdmsr- 
eacm- » ^asrt of .T i Minf t s ysrf^ni ^ass^ first appreciated in electrical and 
eJiKt^OBagdEtlc nuil ii -^ Thfe. =mfi tS& xnr the use . of ampere es fourth 
fOTifliMjiiT 1 1 ^lujpusixjr' or as a r TffKnp uxrit — was prewlded ±n 1901, when the 
Ir iHTfii^r profe^oK and physiciiSC ^caavarmi Giorgi prc^osed a sysoem . which 
t a c lj *K I Tfct . Rw r in i rtil Dn±rs jsi 'HieccrogmagnetisBi. " iTitle of his p^er 
S« M*l*] • In T3ES^ t±ie Giorgi ft«rMBES5^) system «as aaiopttid by t^ Int^r- - 
x^timal El^artrots erigfr al Assoc5^=con,- and it played: a pronrinent part in 
tl»e ereatldo,, in -1560, of SE;, the Intematiomil Systesa of Units. 

5^ traariicttaaag^ in ^ the unif icatioir of mechanical and 

€Slectrlcml anlxs tla u Luw^ the^ajr ^B^/s c= V-A) and xiae joule (J = N-m » 
"JJ^)^ vfaidh fac£Sfi3ift^ most .naaSiafetions, as ind±iHt3ed- in flgeE 6-1. 
Eleccrlcal «n±rs Ibhk been i m^iW in the f iguree ro IllustEsrte tha 
ooheznoe of SX;' fareaai^rbe^ taanst aim (Q) could be ^te^tned as I V/A, or* 

1 VyfMr^ or I/S, irtc^ -tae .f xcBst jui — iy^txon is the one mmsz commonly shown. 



i^Vmrlrm l. ^giglneeriag: in the States, thejxSxre, represents a 

-disci9lii«« ,iA±ciraasefe a hybrid s^s^ev of SI units f or «11 electromagnetic 
f>n>p9t^es» "and TUS ^ custcwnary aifri r-s Sar -length an3 '■■ss, as their deri- 
"«att^r*9» .A rhaiiffl* X-r SI wwilrf intz-gduce a. minor daange in the units 
MbBadir ixt wse, ^replacing ti»e "afao- (reciprocal wm) with the "sie- 
(S)sJand thEXjcrle per second fccps) with the^^Sertz" (Hz = 1/s) — 
boCh foo « oner-tOTXBs-fesis^ so that TiuaKrical values yaaaSjd not. be.af f ected. 
A dMMg^ ta SI wfffif introdace a majBc change by gisLLn ^. electrical and 
elects '>aics prigtm noi. a fully coherent system to worlc with when. customary 
anzlts aze ih iriiliiiHf This could .inmeas^ productivity, * especially in 
^ •gdt p roii l iii r^m TfaR institute «df^Electrical acd Electronics Engi- 
dfiES) h^ 111* -an aicLive interest in metricataon, and has used -SI 
lit Mst of itsrpublications. 




fx iHlTnarna tlon epg±aeers in t&e United States ^have worked with a 
™^ts focr basic ITfcmni nation propearties, and customary 
'Witsr^tr Imgtiv a^*e^, and compound n±ts. SI units,.>such as the candela' 
tolir^ (ln^= cd^sr) and lumen per watt (Im/W) are ^already in general 

■•^jr^Mi*^ t3fe Oft^ signifi can t changes needed would be the replacement of 
**e? ^pKX square foot- (Im/ft^) vgith the lux (Ix » Wm^), and. the 
r squasre foot," Jandiert, and footlambert with the candela per 



square meter (cd/m2). The cjiange to Sfrunits only, again, would simplify 
. calculations and lighting design. The premier professional society for 
illtnnination engineers, in North America, the . lUuminating Engineering 
Scdety ClES), - has decided to i«.sue. ihe eighth edition of its majoi: 
rAfp^^ATice. dQCument:' ^ the lES Ligliting Handbook [1], -with Si units as 
primary units and hard conversions. Tt is expected to be published late 
'in 1980 or early in 1981. . , > 

While the change in units represents few oQmplications, ra "hard conver- 
sion"* of elec-rical equipment and lighting fixtures and lamps . would be 
more complicated and, in most instances, unwar^ranted. Should new -sizes 
or designations be' required ^s part of a "metric range," such ranges 
shoul4>be developed; as- new products . rather tfiaxi as^ conversions, aiming 
to reduce, variety at the same time. For example, for electric motors, 
step increments of 0.5 kW in . power output would 3rield fewer models than 
step increments. of 0.5 hp (electrical) (0.373 kW). A^-hR; motor (1.492 kW) 
would be Interchangeable with a 1.5, kW inotor; -si«larly, a 4-hp motor 
[2.984 IcW] would be interCfhaingeable with a 3 kW motDor, a:nd in the inter^ 
mediate steps of the range two metric sizes wuld replace three customary 
sizes, tor an ov-erall variety ^redu^tion of 25 perceBt. Fluorescent lamps 
in customary sizes ire already too li^ for end-ttr-end installation of 
. fixtui^es using the same - nominal customary desigiations. For ceiling 
systems using metric modular- dimensions such as 1200 Tarn; a new and s>iorter; 
lamp of 1160 "mm length would be needed. Major manufiactureri have already 
conducted extensivje research and tri^X production, bnt the "^netric raijge" 
will take some time to emerge as 80 percent of all production goes into 
lamp re^cement in existing customary fixtures. ' \^ 

Research into optimum metric sizes^ as well as Jatproved design (for 
ex:ample, the type of end pins used in fluorescent lamps) is regarded as 
a desirable part of the metric cha^age which would jbest be carried out 
'in the lead-time available before an M-Day and the- ^commencement -of 
orders for metric products. . \ 

» .■ ■ ' ^ ' ■ . \ 

^.4 HVAC— Heating, Cooling^ Ventilating, and Air Condfttonln g \ 

The design " •aijd integration of heating, cooUng, ventiJating, ^nd 
air-conditioning systems in building is an are^ where the change td- metric 
units and metric si2.es has been viewed a.^ being of little advantage while 
csir^curring some costs ^ However; many HVAC^design engineer^ appreciate that 
coherent units and decimal relationshi?)S will facilitate calculations, 
as shown in. 6.2. • / * y '■' ^- ■ ' ' 

Th*> major advantage of the 'fchange to metric occurs in the use of one 
unit for pressure and stress, tite pascal (Pa), and its decimal multiples, 
replacing such a varictty of units '^s: / 



For pressure: psf [ibf/ft^] 
■ -inch H^O (4°G) 
• foot H^O (4°C) ' 
. inch Hg (0*C) 
inch Hg (60'^) 
-psi Tlbf /in2l 
— ■ aEtmosphefe (s£d) 



For stfess: 



psf [ll)f/ft2l 
l)si [lbf/in2] 
:tonf/ft2- 
l-Icsi [kip/in2l 



47,88 Pa 

•aaesLas'iia 

3aB&.38i^ 
3376^ 

HH 3Z5.00 



3^3l^^a 

3,?-r-Ka- 
••nil^S JcPa- 
104 ,325 KPa 



6*895 MPa 
= dU90 MPa 



A rtajor ^professional societgr in this, ^eld,. r ftw i ' m Society of 
Heating, Refrigerating and Mr-Conditioo±ng £n^j-«-eeG5 dB^KAE) has been 
actzively engagesS: in educatii^ tts mend^ershSprr ui^ ^mauL^ ^Bsues^ ^and will 
hfeLve all its- T>ni>licat ions iir-dual un±fs by 1981, faocdttAttg' the Bandbook 
series. " During- the transitional pericyi, the ^B9m6]£, lietrie Committee will 
continue to disseminate educational -mater lag. ptgp^Bar^ the membership 
for the eventual exclusive usie of sf units.- • ' - 



Ifany of the major IIVAC. equipment raannfactnrers taave ^sabsidiacries^ 6r 
affiliated companies in metric countries, aai teMt ^|ptac2±cal experience 
;with production to metr^ic- Standards- and preferred TXt~ is'^liksly 

that metric products would be intrcduce^l ooaidf liHj^ ^^^or redesign of 
product lines takes place', and that/ some JiSdewj* ^^cfr as pipes, would 
remain unaltered* The > traditional size desi^v^ ^ of ^ipes- were, in 
mostv.iiistances,/Tiominal^^^eizes,. and the metx«^ * jge would offer an 
opportunity'^'-to -fetr oduce^^standard designation ^ 
fication of .internal diameter anS thickness,, 
yield the'^^xtejnal diameter. 



such as speci- 
n^LlL aiitOBBTically 



6.5 Hydraulic Design and Plumbii^ ^ 

Hydraulic design is concerned with, the fLow^x^ 
substances into aiod out of buildings. Xt ai^r 
^collection atid drainiage . - 



watiBf £ztd^ watser-based 
acl3Ddes surface water 



In metric units, hydraulic calculations would mpiified for a number 

of reasons: • . * ^ ^ 



1. : For each \ physical -quantity : tb 
pressure; } . - 

2v Units_\ are coherent , that, is, they rea 

from ^one quantity to another, -except : 

from a prefixed to" a non-prefiaed unit 
o vice versa;^ and, • ♦ 



is oniy^ 9€fe.«&"tmit — especfally for 



e no factors in going-. 
. fectoro :^hen going 
-pref iiGBd unit, - or 




3.^ There, is » direct ^reiatloietep .becweeat the SI unit for volume, the 
* cubic metaMt-/ and the xommatt unit for xapacity' Cliqiaid volume), thfj 
• liter (L):, ^j feere. aasu -^^l^ meter i« equal to 1000. liters- (Tte 
conversioirdSrom. aitec feet*itx> gallons ^aay be a difficult to' xaemember 
conversiops^ctocu) . • 

Water pressure «)ix£4 '^no lowger iHBquire j^jiressure unit of its own, t>rt 
expressed .iff pascals, > ihu. coB«K»ly, . kilopascals (kPa). Tor- 
example, a head of wat^r . of «eters f50 m) represents a pressure: of: 

^V56 X 9.8* ^9(rWa ' " ■ / ^ * 

[50 = OOBB^in^ = 50 0QBLx*-»*JV»i^=^9O QOO Win^rr 490 K:N/m2 = 490 kPa] 

'*In ari; absolute^ystem, statircfasa^^ by gravitational 

acceleration [9S: m/s^] to g-^g*- i ^solace f orce > in newtons (N). The 

factor ^.8 is ::an approximaCi^ 'rtisB^ internationally standardized 

value of Sf. 806 i&m/s^., ^ 



Deriv^ calculations "are iT in iiiliMpT F FTi i1 by coherence between units. 
For example, if ^ pump is respsaefero <ieLLver a* flow rats of five liters 
per 'second (5 L/s) at a presmrap^ of 500 kilopascals (5C0 . kPa) , wh^t 
pump power is required: > ^ 

5 x -10"3 xt 500 X l63 = [5 ® /^-ar500 000 . N/m^ = 2500 N-a/s = f500. J/s = 

» V ' iooo . ^ 

2500 W = 2.5 4cW / ' 2500 Wf * - 

The power of the pump raotoac^ in . kilowatts (kW) can - be > eislrabllshed 
directly if .the transmissioir effidesicy factor (in percent) is known. 
For example, the power with a transmission efficiency of 90 percent 
for the above pump' .would . ne«. to be :2500/0.9 W .= 2778 H = 2.778 kW. A 
-three kW motor would be^suitsS^e andrisave some spare power>. : ^' 

^ These -^calculation^ are very -i»ch -siTtq>ler than those in customary units^ 
because they are coherent unzEts that" follow the laws of physics directly- 
For a comparison, an example similar to the above would be i using flcasr 
rate in* gallons per hour (gpbi, water piressure in feet . (ft H2O), pres- 
sure in pound-force per sqwce inch Xpsi), power in foot pound-force 
per secopd (fflbf/s), and maEnr power in horsepower (hp). 



Anotheif significant advantage x>f metric units .occurs in- calculations 
involving drainage, run-off,- arvir^igation. Here, the decimal relation- 
ship of the liter (L) to the liivit of»volume, the cubic meter (m-^), pro- 
vides significant shortcuts in .iaLcul9t.ibns . For example*, one.\jllimeter 
"of water distributed over an ase^ of one square meter represents exactly 
one liter (I mm x I m? = 1 ISU This facilitates the. calculation of 
gutters, channels, anid^ downspouSK f or run-off. For eswiraple, th^ run-off 
from a roof with 200 "square raaeers (200 m^) ofv^ea and a rftinfall of 
ten mm in five minutes (120. mm;^ will be: 10 x^200 = 2000 L . 

■ ^ * ^ 92 ^ ,0 . 

V \ . . 102 ■ . ■ '■■-. V 



ring that one _xxter of Hater i |gi ,a cuhitf -attLume eq^- to 

of a cube w±t±i mO mm - sides^ tiie sKza^ of gutteis^d downsnouts 
•^^ much simpler tsail in cusdosaxy ' ' 



l>fe;m me principles can be' used in, re.wt' j .w - for example,^ deciding on. 
tm II requirementsrrapir irrigatian or .j ii Ti M iTf-r- ^sr^ms, much water 

^CTcquxred to irTaBats.an area of one heessce (10 000 wrh to the eaixfv- 
aanac of f ive nSiimeters of precipitaezLon? • . The ansier is easv 

ae «K) X 5 = 50 ocHL L. ^ ' ' - 



as pipes ang^ rhann els are concaexj^E;,. it is", not ^-acted that :new 
c= products will eanerge rapidly; i a^-ff^ ^ as ■p'roductsisre develope'd, 
-Iff-likely to iie developed ;in -haxd-^xic sizes- .^Seare is little 
or - most ^domestic or commercial pmnabiHg ^-SixtiiiDs to <3jange, 
'ir their iiesignation. GurreTit sizBS are rarely ^eoractly those 
used for conve^nient designatiom^ The exceptixEs: are "built;-. 
iir~ *n>aES^- such as baths, sinks, or siass&T bases, . wbich should be 
<• .isIaBaffadirectiy to the dimensions 'of hrrfTding spaces' -J^to' which - they 
aEe CO -fit. / . » . ' •. 

6-6 -ampstical Enj e :ln*^*^'ng 

' ■ ■ ■ 

^f_^^°ce of 'acoustics uses • metric eqxiipment • and metric Units for 
^aboMiBory and site measurement but in -acoustic design the square^ foot' 
for - iSaa and the cubic foot for volume are commonly applied. • 

,The«iBcibel - (dB)' is a dimensionless unit, or ratio,, witii a iogarithmic 
bas^e-and it would not change.. The reference quantities for soWd power 
lesaeiL (in watts), sound intensity level (in watts -per square meter) , 
andisoand pressure level -(in pascals), have always been iir metric .units! 

.ThocAcodstical Society of America (ASA) has presented, technical "informa-" 
t±o^ aad standards in SI units f oi: a number of years,, and ntost .^a^ustical 
eng±ne*»rs do not regard the change to metric measurement as a problem. 

REffiRENCE . - 

" : - • • ■■■ . 

1. lES Lighting Handbook, 6th Edition, Illuminating Engineering "Society 
-New Xqrk,- NY; (to be published in Winter- of 80-81).. 
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MKT •? - DEVELOPMEin: AI^ • 
, 7v, 1 Investlgal:! on and Re MJBLiJr , 

The ine trie ; conversion pro u— io ^ xaar .be described iij an ^applied research. 
. aiid::devel6^aent:al exercisfc"f±nTOlvlng- <^ namely, the transition to 
. theiu^e of a different noe aiaiiitau t uiL systJem^ wki^different values in most 
proc^^ses of design/' produLlUm^ and coaistcncEion» In .the case of the 
V^S^ oop^tructicrA conmicnjtori^jiaiaff^rrer unciexs£ad±ng of the* issues involved 
"Ititrthe change cin be <JjJ,jJ[j ^ a: .xhe exandsetea and study of precedent 
^ in::ol:her comrtrles anddfeg uTiry .I'les (iaveg rlgrff Twa ) , and the indepth analy- 
•sis pf^ part±culax*"issues^ pg TiHinsix^-vlde ixr sector/ concern (research) • 
There -may -also be a :nee3r fear the triai of alternative approaches 

(denel6pment0^tx> find i ii i t iM i i ^tsodnical. solat±ons. 

• ■ * .■ . ■ ^ 

If Tio investig^ion, reseamca^ OErrdevelopment ^re to be carried out, time-^ 
consuming and costly err oiis j i iiBlr^ -i)e made'in" the initial phases of a metric 
tr a ns ition, and Industry caiidld be locked into suboptimal approaches, by 
•nej^ct. Further, WilaCMBi: actions or decisions in^ one area could 
adisexsely affect -.the op^BmAHas of ot±er a^gnents. As the Construction^ 
ccnnmnity represents a luijlf T itl dplinary activity, involving both soft- 
waiae Ctechnical informatitaOy standards, drawings, etcw); and " hardwa're 
(bulElding products, patfnr%rTs» and built efaanents), it would be adv^ta- 
geous in most instances txr coodact studies hyiaeans of multi-disciplinary 
groups representing al-1 ioey vie^ints, enaept for very specialized and 
specific research topics^ Foir«cample, "tasfcfbxces" might be established 
by industry consent to sBiidy jaetric issues and concerns, and* to report 
^their findings to ti^e' ±B4nsti:i^at large. ^Thls yould avoid a situation 
whei^e ^decisions wuld be arrfsned at withoat considering both producers 
and users,' for example, in xSie- determination of optimum product size 
ranges* * ' / 

7*2 Precedent and International Isrpll c^C'^^I o^ of .Metric Conversion . 

A change. to metric units would -«ake the u.S^ construction community part 
of the* metric 'building world ♦ This voj-id have domestic as well as inter-, 
national' implications • A t|ipYoe^fi investigation of . precedent ir/jnetrica- 
tion in' other English-speaking countries may provide shortcuts, give 
genei^T guidance on how to deal rath specific problem areas, and may point 
out which approaches are likely to lead to .benefits for the qonstiruction 
community* It may also point oat those which could' lead to confusion and, 
therefore would, best be avoided^> An investment in "Monitoring and evalua- 
tion" of metric developments and precedent, particularly in Ccmada, could 
be recotiped many times over in savings. of time and costs of conversion* 
>It has been argued that the United .States differs from *other-Voi>ntries 
that have , recently changed to metric units in the construction industry 
br>cScuse of its geographic size ,> large population, giant industry tuxTnover^ 
special techniques, and particular ^ form of building control. However, 
prece&nt^is worth examining because^ design procedures, production pro" 
cesses^ and construction' techniques have become more and more similar^ the 
world over* 




^In'a developmental .sense, a ^change to- ,Tt|jB trie units would make it_ more 
important vto interact at- the international level; particularly rin stan- 
dards^ development activities. This has been recognized in -Section 6. 
.(6> of the Metric Conversioii*Act\4)f 1975, which deals with international, 
consultation and coopeiriation. ' * ^ . - 

•The assessment .of international ^standards- in national standards-related 

\ctivit:fes is. heavfly promoted itj Title IV ' of 'the- Trade Agreements Act 
of -.19179' II], as is the intant to make U.S. viewpoints known at che 

rintemational level. Section .402.' C2>- of the Act deals with*the TUse of 
international Standards" ^and^ prescribes' that "each Federal agency", in 
develo^ng standards, shall take into consid^erat'ioa international stan- 
ards. and * shall, ■ if appropriate, base the sfendards oii- international 
standards.- ;^ More significantly, 'the Act states in Section 403, on 
-State and private Standards-Related Activicies," th^t "It is the sense 
of- the Congi^ss th^t no State agency and no private person [defined to 
include \ny coriiorat^ on,* partnership, associa<iou, or other legal' entity] . 
should engage in any standards-related activity that creates -unnecessary 
obstacles to the foreign; commerce of the United States,"* and that" "The 
President shall take, such reasonable" action as may be available to" pro- 

^mote the' observance by ' State agencies ^nd private persons,* in carrying, 
out .standards-related' 'activitfies, of requirements equivalent* to those 
imposed on federal agencies binder Section 402, and of procedures that 
ptovide -for notification, participation, and publication with ^respect to 
such" activities.- ^ . , ' 

In ^h^' longer* run, therefore, ignoring the existence of international, 
proposals and standards could have seridtts consequences for U.S. indus- 
try and* Indus tr/ org^^aizations whether in the provision of technical 
data! or services outside br within' tlie United States, or" in the. sale of 
products- As metric conversion offers^ a unique chance to. harmonize 
domestic and in^ffnatioual approaches, it is recommended that- tSie impli- 
cations of worldwide trends .'be studied f ulty, r so that where appt^pr l^atei 
they can be takeQ advantage of should i:he construction community '^ecide^ 
on conversion. . ... ^ ' ' . 

7.3 Basic Metric Issues • * ^. ' - 

T|ie fundaraentar issues in a change to aifother measurement system revolve 
>al^^i the selection of suitable units and numerical values: which will 
m^Sdze the opportyhi ties , that com^ . with change and liClnimize any 
dis'&cation, .confusio\i, and cost- " , . 

While ample information ofe^^ good metric- practice is already available, a^. 
numbex of. aspects^ of unit use in bjiilJing design have noi:, been resolved; 
These require detailed^ study. Some examples jof the topics which should 
be assessed are: • . *^ ✓ r . 
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•1- TJhat' metxic 'units are * to fie used in the field of moistu-re /Cy&por) 
inovement through: buildxrig^materi.als ' and condensation in btiil'ding?- 

2. In thermal design, what* could^ take-' the place of the degree d^y and 
^traditional,. R-^values? ' . . i*r , 

3« Is there any need" to replace the .unit sabin in acoustical calculations, 
• -and, if -so,* with.what form of unit?.' * " 



.A.* . What* v^ouTd be appropriate units to describe ?low rates for; .a. variety ' 
V 8^ of applications., as well as in cpmpound" units, such as air ^ * , 

I infiltration, water .consumption,* etc.? . . - 

T^e iMjor concern in metric conversion .occurs in relation CoV the selection. 
.of ""preferred^anH "conveniAit" numerical values.. Such values *are impor-^* 
tant in a "hard conversion, " that is,' where a def tnite'^change is^ -propased.^ 
By comparison, a "soft conversion" 'simply* requires reasonably round^dL 
jinetric equivalents and,^ where possible,, convenient values. Research 
^ /studies would b.e desirable to identify: 

- V - . ' •■ ' , . ■ • ^ ^ . ■ ■ *■ X * . . ■ : 

a^. r A methodology for the ^preseiitation of dual unit ~ statements in wbi'cT? 
a "hard conversion" can be distinguished from a ^"sof t convex:f;.ion" 
and which can tie applied on an industry-wi<ie basis* ' • ^ 

' h. General guidelines for conversion, rounding, and rationalization, 

\. . ^ with practical examples - of "preferred^ values," nuittber series, and 

' variety reduction,.. * * . * 

c. A '.classification system for building products according to the degree 

- of conversion that would be- requireif or desired, ranging from no 

, V. d^iange to extensive change. ' , 

.User Studies to Determine "Suitable Metric Design Dimensions ^ 

A change to preferred metric values in buildirtg--w^uld alter* many of'^TAe 
traditionally accepted dimensi-ons in building desigpi and production;''for 
" example, ^ a ro^ height -(floor-to-ceiling height) of 8 feet (243^ mm)* .:^ 
could be ^replaced- by a metric dimension of 2400- mm, - which is 38 mm or < " 

• 1--1/2" lessV or, .*'2,500 itan^ which is '62 mm or 2-7/l'6" more. "Examples of 
functional: dimensions in building are numerpus,-* such as clear' heights, 
vertical clearances, "horizontal^ clearances, mini iura room w5dtha/_, clear 
opening widths, height of work platies, height of guard rails, geometry 
of stairs and steps, design dimensions for the haiftiicappeS, ett. Studies 
which have led to "convenient" or "preferred" customary values should be 

• reappraised/-to ascertain their va'lidity in a metric context, and to deter- ^ 
"mine whether metric preferred values would givie equivalent .^fety, con- 

' vehience, and economy, or whether user needs have changed. It is likely 
that such research would show that many customary values have been. 
\ arrived at -on the b^isis of numerical; convenience rather than functional 
*^^^quirement:;3> or. by , a mixture of the two. - 
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• ■ - ' . .... ■ J ■ ^ 

A number of- specific - research studies dre sr^ggested far oonside'sation: 

!• Research into anthropometric . factors of the American popniation, to 
give metric design guidances-based on up-;^.--aate statistical infoi^pia- 
" tion on human dimensions of various profiles of the pop^ilation si^h 
as' chiWrien, adtilts^ • and'^the elc^rly, with different iat ion. of male 
and female " dimensions an<^ five percent, 50 percent, and -9^) pef^cent 

* ranges. Most . data now available were obtained many years ago*, and 
it is possible that 'changes have'^occ.urtred, ;^ ^ . • 

■ - - -' • L • ■ * ' * * 

2. Research into humau space needs; (based" on up-to-date anthropometric 
data) and. the design -of fubctional spaces, Especially in dwellings, 
to 4ietetmine whether mlnimOm standards* are appropriate and what 
**metrric minimum standards** might b^« 

3. :. Research info the -functional validity, of width of egress dimenstoijs 

rChallways', corridors, stairs, and exitways),- based on ;22- ' [5.59* mm] 
^mdltiple^, which have been used* in many buildiAg cofte requirement sV 
This research would -..shpw whether ^arithmetrc or geome$:ric i^progres- 
sj.ons shouldN be used in tlie' -selection*, of • egress dimensions, . and 
give guidance. in the selection of the most suitable^ taetric 
replacement values • » 

- ■ .■ ■ V ■ : , ■ . - ■ 

In- addition, user studies might be expanded to take into account room 

areasT and/or volumes • , " * . 

7m5 Dimensibnal Coordination Research , ^ ' ^' v^.*T 

Considerable research has been carried lout "in ^the United States, and- 
worldwide into . the principles and practical. appll9iBtion of a system of 
dimeasional coordination in building. .Broad agreements .have been reached 
at the intematioaal level • on a basic module of \ 100 *mm and .certain pre- 
ferifed mtiltiples fot bui-tding* and building proddct dimensions. However, 
international preferences do not. include metr4c equivalent/ of the 

" traditional U.S. dimension <s| 16 inches (U0% xa^j or 4 modules — 400 Tmn— as 
a direct multimodular^ prrefere^ce. It is' probable that.'UiS.* •* recommenda- 

^tions f OF metric, jdimensfonal coordination w&uld . be somewhat different 
from i*ntemati^>t&l recomm^datibiis ^ * ^ ' " . ^ , 

A number of research projects are needed to deal with specif ic aspects - 
^of (met2?^c) dimensional coordination, such a"s.: . ; . . 

l.- . What will>be the impact'- of the 10*0 mm ."module, as a substitute ^ for ^ 
. the 4-inch jnodule, on building 'desigrv anH design standards; -building * 
■j;^^ codes and minimum requirements;^ Buildiilg/products and -manufacturing 
^ and, on-sifce layout and7^ss£mbiy processes? - ^ , 

*2. What would be the opti^.iinr*dimensionsi5s^for functional spaces and spans 
*in^ J^uildings, based on ttte^lOQ mm modnie? Where -could traditional 
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recommendations be reduced and where could they be enlarged adwanta- 
^. geously? Where can changes • arising from ^energy; consideratibns be 
coupled with . changes : resulting ^rom^"^ pj'. required '-by • ^tri^tion? 

•3. Ho^cduld product ranges be, rationalized, ffsing preferred (modular)' 
si*s as- basic sizes, and non^preferred sizes as specfal. .sizes? 

f, ■ - . . , ■ . . . > . . ■ 

4. ,.. What would be the economics ofc dimensionally coordinated (modoiar)- 
design, versus nettTCoordinated- design? Would metric units and pref- 
eefcnces facilitate.^ computer, design and Wumenta^ion (or, "^does the 
computer facilitate coordinated desi^^? 

■ ' ' ' °~ . ' ■ ' 

5. What ..would.be the edsjiomics of pro*ducing*^imetisionally "rationalized 
..V^^roducts?. Could, the over^l product -range be 'reduced, wlthput ^ loss 
w o? .sales? What 'would be .the adv^ntages^and disadvantages in. distri- 

o. *ution and transportation? Is there scope for improved . nfodular 
packaging? . ' ' 

What would be ftie c;>pts and beiTef^fes of metric construction layout and 
. as^mbly, us^^g dimensional- coordination principles ' and coordinated' 
products? Would improved coD.struction abcurady result' ' 

- , \ ^ i ' ■ \ ■ . . ■■■■■ . 

7. What reeducation and training wou;^ be., required: increase the use 
of^dimensional. coordination in the^ construction industries?. 

; While "-^e investigation * of these .aspects (metrici ' dimensional 

.. coordination wcu^d have to rely on, the judemeht and opinions of people 
invqly^ ,in design, production, * and constrtcti&n,- it is important that - 
any research ^tudies undertaken involve the actual designers and Jjuilders 
to. yield the most useful results. It may be wSirshwhile to use correlating * 
•\ .f5<»"J>s of people who have' been involved" in- the • application -of (metric) 
. dimensional coordination and fhosre. who have not, ..to ascertain differences 
in opinions. ^ •. ' • *. 

Investigation of Design and bocumentationxAspeccs 

» ■ . "* • 

■ . ' f . - » ■ , 

- The change to SI units would require the re-^^sion of almost all technical ' 
rdata and standards used in building desi|h. In a transition, th.ree ■ 



4 ^ 



approaches could be used to deal with technical information: 

1. / fhe conversion of existing dat/*and dc^sign aids; 

2. the conversion and rationalization of existing data "anr Hesign aids; 
and, . » * • . 

3. . the development of entirely new technical data and design aids, s 

. Investigative effort/ and -research, studies .-should be -aimed ^t . the 
identification of technical- data needs, in the design process." so that ' 
priorities for conversion could, be allocated. Unless design data and ■ 
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coherence, of units m SI, however, oun ^. . f design data 

-where fewer and 'coherent units would be used. , 
■7.7 Tnv^stlgatlon of Building Code s and Standards 

4 1 ..r.^r of thi-: review of technical data during a conversion 
design codes, and building stendards. . It Is widely ^g"". J 

ing codes - would be ' a ma jor opportunity m a ' ^^J^ " a 

distributors, contractors, and designers all agreea cnau 

provide such an opportunity. r • " . / 

bptiimm metric recomendatjloils. • - . .. 

• Among the topics t^t merit detailed ahklysis w6uld be-^. . 

forces, fttc.i based itpon up-to-date data. 

. 2. The research-bas^d development' if - (metric) p^ 

for building element^' and the building environment vith _partic^^^^ 
' reference to . international - standards or proposals in tha,s area. 

3. The research-ba;ed dev .opmeht . of ^^^-^^''^'^^ '^^'^ 
building elements. pr'o..ucts,Aand systems taking note 
international recommendations and -standards. 




V .r ^™n^^^^ -review " though- not necessarily wholesale, change 



'tcr obtaining more co^t-ef fective and functionally efficient metric 
V ...altearnatiVes. , ^A^^^Ut^ ■ 

T- llany, proQuccs neea.^not be ..changed, as they require modification within 
present production tbierances only because ' existing standard (or spet:i- 
fiea') sizes convert to pohvenient metric dimensions. Only where dim^m- 
■sional coordination impacts would it be reasonable to make changes.' The 
research and developmental: decisions facing producers and producing 
sectors revolve around rationalisation of construction product lines, 

- that is, the. possible replacement ' of existing' ranges with smaller or 
• functionally superior metric tanges. ^Research into optimization pro- 
posals requires, an assessmentt^-of all processes from the raw materials 
stage to ■'the consximer. The* development * of a production/distribution/ 

^ use model for products or,.ptoduct groups may yield many useful data for 
rationali^^ion. . [ • •. ^ - ' ^ 

It has been pointed out that the rationalization of product lines is an- 
opportunity that exists at -any point in time.. - However, ^ without a fa^;^ 
reaching industrywide change — such a^ a change '-^to -metric measurement — 
there/ iis no strong cafeaiyst for chaise. In is also possible that^ pro- 
-posals- would* be hampered-by actions in the marketplace, 'with opposition 

: from ..'interest groups and competing manufacturing interests. The "-lumber 
industry, 'provides an Insight into the" difficulty of "change- without an 
external causes, such, as metrication.. In 1970, the industry went thirough 
a ma jo^- and controversial change in softwood lumber sizes, grading 'stan7 
dards, and" engineering design values, .-which represented something ' akin 

. to av-hkrd conversion."* The project required many years of i^t^r-incjustry 

• '^eting^, hearings, technical an4 engineering discussions, and research 

• and developmental activities. The. lessons were that* research, early 
. planning/; and good communication are essential to a smooth change. Based 

on this preparation; the* actual changeover went smoothly, quiclcly, and 
easily for manufacturers, distributors, and users,* despite^ some minot 
concerns in the marketplace. . ' - ' ' 

Industry associations are in a key position to play a prominent role in 
"resear^ih.arid cievelopmental" activities such as: \ 

I. the determination bf optimum sizes for products based, on manufacturing 
and user requirements; ^ . , 

.2. the assessment of the impact on standards and standard details, 
e^nergy use, and end-use productivity; 

3. the -development' and distribution of technical information to 
facilitate conversion and familiarization; and, ' n 

^.•V^th^ iConsAHeration of industry-wide aspects of timing for the change. 

The experience of similar industry groups in metrication, notably that 
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of CattaSiaitilndustry, may provide significant guidance in these activi- 
ties*. (FoT^ ^example, the C^adian steel industry is /now producing sbme 
of the^ products and c>sl2es^ likely- to emerge in the United States if metric • 
demanrf-* increases.) Thesef. research activities ,would be desirable, regard- 
less of specific target dates for conversion, as the lead-time required 
to harness "opportunities" is seldom long enough. > * 

.. r ■ 

It*is recpmmended, that investigations be centered on /'product ivitjr," 
Including warehousing and disrtribution as well as manufacture. Often 
the'^costs of inventory-holding are >a: ma jot: factor in construction product 

» cost^. and' sometimes they defei^aine the difference between profit or loss 
from operations. Productive laetricatlon not only means streamlining 

, product lines and processes, biit minimizing "dual," production runs and 
"dual" inventories,. '^ A^ Jzhej sttidy -of precedent ^nay yield useful 
guidance on hbt^ to minimize the costs and. disruption, if any, resulting 
from duality. Precedents in "catalog optpLmization research" are found 
in "metric fasteners" ^ and "metric reirtforcing steel*," knd the approaches 
taken in these segments of the metals industry may provide useful models 
for other industry^ segments. 

7*9 Investigation of Metrication- in Construction and Maintenance ^ s 

The role of the contracting' industry in/metri^atlon has been described as 
a"passive one in the early . stages . of conversion/ until such time as 
designers begin to prepare metric documentation, and producers gear up 
' for metric production. This assesisment ignores the significance.; of 
measuirement-based operations on construction prodx^ctivity.- The use of 
decimal measurement ,to replace, the variety, of units now in use wo!uld 
facilitate estimating, layout, Durchasing dgdiiions, and general on-site 
construction activity. .. * ' / 

Ideally, investigations should have commenced to identify all areas where ^ 
improvements in^ on-site operations might be affected in tandem with\a 
conversion; for example, in JLayout, .use of materials, positioning and 
assembly of componejnts, 'aiid maintenance of construction accuracy. 

Specific areas for investigation and research might be:, 

<* ' . ■ ' ■. ■- . . • 

1 . ' What, are the most common causes of on-site error or inaccura*cy in 

current construction, and are there opportunities to avoid such occur- 
rences in metric construction by altering techniques of measurement 
. or assembly? ^ . ^ ^ 

2. .How can metric dimensional coordination be: facilitated* in construe-^ 

tion? aWhat * techniques might be used, altered,, or developed? Wh§t 
eqtiipment is essentialv-and what is helpful? ' ' ' ^, - 

»■ ■ " ' * ■ . 

3. ^iP[\aZ XX3.it±n% s^ persotmel is required? What - 
types of training aids and documents are. needed? 
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Tfieirole of construction Mrrfamg in metric researcli has primarily been 
Tel^ate^-^o the concern that cwrstruction personnel might not be able :o 
cope' w±!tit metric work unless g±ven iextensive training, as well as assis- 
tance w*£th the replacement of tools. The investigation of experieaees 
ia other sectors of the economy (such as the 'automotive industry), and 
otber^countries (parjtictilarly, Canada) would fee useful to determine the 
%extent/of those problems. Some reports dealing with actual metric work 
.Experience in ' other countries stress 'that construction personnel, once 
involveii.n metric operations^ prefer to remain with metric units and 
not sw±tch bdck to customary units thereafter. v 

Some concern hais been expressed by designers -and building owners about 
the potential difficulties associated with the repair and maintenance 
of "nottrmetrfc" buildings and plant. No direct research evi-dence is 
available of either increased costs or specific difficulties encountered 
in other /countries in Vthe field of building- maintenance and rehabilita- 
tioti. T^e repair arid rehabilitation indus try has developed an ingenious 
capacity^ to deal with situations involvinjg nonravailability of materials 
and parts^ and many lessons can be learned from current practices in' 
noir-metxic units. The entire subject area . represents a major "applied"'' 
resear<dir projects * 

7^10 Adaptation of Materials During A Transitional Period 

A similar aspect 'of a change to metric measurement would , be the adaptation 
of feilding products and materials daaring' the transitional* period. First, 
that of customary sizes to fit with metric building designs and, second, 
that of metric sizes to fit with nonnnetric building designs. Both would 
occur. The. advantage of new construction work is that decisions can ,be-. 
made, or amended, before the building Is irretrievably constructed.* For* 
example, if the size of reiuforcing steel should change ^to new metric 
sizes during the construction life ^of a project,' a design chepk and, 
possibly, some''' minor changes in spacing may be needed. If, however, a 
building designee! in customary units is to be built at the end of the 
: transitional period, some customary products may no longer be available, 
anflb 'metric products would need to be adapted** Other industries have 
coped successfully with such a :transition, • so thkt there is no reason to 
suspect that the U.S. construction comrnunity would be unable to do. so. 
It would be desirable to undertake investigation^ early so as to* identify 
and analyze-axeas where "adaptation problems" might arise. - i 

7* 11 Research Into Legal implications^ Contracts, and Agreements 

While the metric system," by public law^ has .been permitted to be used in 
the United States for over a century, there are many 'existing statutes, 
regulations, and ordinances whirfi state requirements expressed exclu^vely* 
in U.S* customary units. Such lawfe or regulations could provide barriers 
to the 'selection and use of aitefnative, "hard converted" (preferred) 
metric values^ especially, if they establish minimum or maximum acceptance 
levels that .would preclude the choice of a preferred met'i^^ic alternative. 



For example^ a xniniinum requiremeiit of 4 feet /(1219 mm) would' preclude 
- tha»e of a tnodolar preference of 1200 mm, /or a maximum pressure of 
250 2bfAet^ (11.9i_kPa) would "precluae the use of a preferred 12 >Pa as 
dffl^gn crltrerioiu * ■ ^ 

The identification of critical laws or regulations .which have a measure- 
mexBt: impacjt: on design, production, and construction represents a major 
ta^. Within this task, there is the research activity of determining 
any- critical values?ror requirements that might inhibit the use of "hard 
metric" alternatives, necessitating, a study of the basis of traditional 
.measurement values and their amenity to change • e * 

Another research area involves- the implicatioiis of product unavailability, 
and^.substitution,^ including methods of j-Gorapeiisation for extra costs, if 
"aiiy,-;of Obtaining specif "ied^ p^^ Substitutions, as well as extras, 

-have always been' a feature of construction ; cont=racts, and safeguards 
wouldr'^need to be established ' to ensure that njeither the cqntractof , 
nor the building client becomes the victim of "metric" costs that were ^ 
-avotdac3ie either - by ^ dfecisidns or. by purchasing decisions*.^ A 

special metric contract- clause may be desired during a -transitional 
^period. ^ 

Labor agreements and ^'awardsj^^.coAtaiii/-- s^ clauses , 

and. these. -wouidrr-nee^ some instances, they may 

neei to^ b^ a new measurement environment. In 

general, a change should .neither reduce awards nor iticrease' labor costs^ 
:. so, thaft- a conversion' wpuld^ need-to- b^; ';ef f ect'ed . within a fair and. equiv- 
ij^jpt/ raiigeJ Ho^^ giyi^and- take approach may prove^ to* be: more 

econoirical in * the iong^ and alternatives should be researched by 
emplo^r'"as well as employee [groups, preferably by a^ joint task, force. 

. 7.12 ..Research and^ development in respective - 

' It has beeij su^ested by ^m^ttic . experts in other countries that have ^ 
completed £he ck^ige - to: SI that metrication rei)tesentsv ' o^e ' . of , the 
greatest "review" pppoxtui^ of^aaodern times-rno established lvalue 

benchmark^ or practice is sacrosanct! However, judicious ii^nagemetit is* 
require^^* prevent ^^1^^ becoming the greatest "research 

exercise tof ^modern : times^ ■ witHc industries arid organizations . raiting 
for / thec3a5id±sr of* reseat 

A chaiigfe^-S3^epresents2S^opportunit^ to analyze traditional approaches 
and tOieii^tvaiaaifety in a modeaai technological^ ct^ The^pportunity. 
to change toripiaef erred v^Saes and rationalized ranges must . be duly . con- 
side*^, SE^gDaaster^^^^e^ is to result from such 
chBXi$k^ lEtn^ss&r this ai^earthat thbroujgh research rather than superficial 
assessmeuX:s.~'Hdl3l^ be needed^ ' . - " " 

* • ■ ^ ■ ■ . ^- ■ ■ . ■ - / : 

The eritdb:re. iccnatsruction community can perform a major role by developing 
a^^cbordinated'lHst bf VwortJixj^ metric research projects, so* that, the 



Xesearch r^^ can te'^^arnessed and used 
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TPART 8 - TIMING OF METRIC * CONVERSION. IN .THE ^CONSTRUCTION nJDOSIRIES—AN 
• : • /AiSSESSHENT OF CRITICAL ACTIVITY ITEMS ' ' . " ' 

8. 1 Key Features of a Timetable for Conversion 

.... * " 

A timetable' for conversion should show ' ^what needs to be done" (the key 
action Items In conversion),. '*when It shoul<^ be done (a time frame for 
accomplishment), and **wha Is * principally responsible for It" (th^ lead 
group for the accomplishment of an activity, and others affected). 

In t^e United States there is no formal national commitment to metric 
convejrislon or' a national time frame for the change. It is left to indi- 
vidual sectors and Industries to determine- whether or not to convert, 
when |to convert, and -in what mode to convert (soft Vs^ hard conversion). 

The Construction Industries Coordinating CoBimlt tee (CICC) of the American 
National Metric .Council (ANMC) ^has exa m ined metric Issues and developed 
a plan • for voluntary conversion. The plan includes a "Construction 
Industries ^Metric Conversion Timetable. ** 

'^'fThls timetable, shown in Part. 1 (figure 1-^1), goes beyond t±ie timetables 
developed in other countries, by indicating whirfi. sectors would have a 
—lead' role,'* as well as which other sectors yaaaSji be involved' in each 
action item. This allows. Industry sectors, as siirrfMALl ons, and individual 

. organizations to plan specific and general respoBsea, and to concentrate 
on tbdse areas where they would be primarily jEnvo3awPTi> 

The ANMC/CICC Construction Industries * Metric ConMECsion Timetable repre- 
sents an attempt bjVj. private sector ^^g^ deveiop a ssdbedule for a 

• voluntary conversion^ in the construction .industries'. The:> timetable is 
the outcome of lengthy investigation * and plannifirg: acti^efit^es, and has 

'^been submitted^ for public Scrutiny and connneht. Jilke any^^timetable; it 
^is a ."T>est guess** of ".the time scale necessary for convexsioh by people 
familiar with industry < 'actl"vities who have also studied relevant metric 
issues. As it' provides time periods v for each actis±ty item^ it would 

• aliw both - early and; late ; starts' in .actual Impiementation, but within • a 
framev^orfc of relationship Qther program Iten^ 

The timetable shows a series oi calendar' y duriaag «hich conversion 
a;cHylty ' wouidvtake^^^^^^p^ an "M-Day** . as a 

iocai refereiice points tfafe-lcfe y .cvrtiir#rS^ in the Industry; 

pamely,. the change from" .customary ^uni^ to metoLc ^iiiiirr ifii the .production 
»f :niar ^^^T^ -^d^^lie construction of building^:^ " Tin m is the thresh- 
old in Jdxepro^^^ tiariaya^ avai^le 
and it vcaa be^3i^^ tdane-^rfiiicfh divides ^^nte*\ 
(a.m. )v£n>^ An indus^iry^^ siinpiify metric' 
wr\^ thease clear indication 
of ieadrtime lef t to the point of ttan^^ . ^. 



In .practice, conversion/activities in a sector would take place over periods 
of .time, rather than instantaneously. * Individual organizations would prob-" 
ably phaise in their "changeover whea- .:bMe. timt-iEor coaviersion is at an oprimum* 
Some organizations may attempt to ' ^j^lJ. ea2±v, - others may wait until the 
hulk of the industry has converted- Thf xnemts that each action item will 
have "a' "transition per iod" of some ^ iany ' .ount up to a number of 

years* The timetable uses a grap^ weri lM d to illustrate "pha«;es" in 

the change* . , " , 

\ 

Figure 8-lr - Graphical Illustratic "ph^gaxs" in a Change ^ 



Schedule Code: ^^.aggg^ 'Praliminory Metric Conversion Activity 

More^amtwre^rganizations liecome involved 



Inteitsve^Mietrrc Conversion. Activity 
Most Q^faesrequired changes are made 

DecreidsingiKMetric Conversion Activity 
Any renaiimg changes are maiie 



al jMe^toc Activity- 
metric measurement has become tKedomtnant 



An understanding of the timetable and its intention is of great importance*- 

'. • • ■■ , ' ■ ^. • 

As part of the^^^J^nning process, ANMC/-CICC prepared sn^^plementary . metric 
coDRrefsion. §ch^^4es, or timetables, for individual ; sei:l;prs'« . The ^rsupple- 
Ittpntary schedules amplify certain items but are f otherwise in .full agree- 
Taseixt. -Full dLetails are contained in AN>fC publication "Tie trie Conversion 
in rhe . Const ruat ion Industries — ^Planning, Coordination, an^ Timing" ♦ 

3i2 Action Items> in the ANMC Construct:ion Industries Mel3n.c Conyersnon 
^ Timetable < — - 

Jlfce ANMC/CICC Construction Industries Metric,;* Conversion/ Timetable^ shown 
in figure 1-1, .lists^ "23 action items. .An understandiing ; of the . meaaingtrand - 
general intent of : these action, items is .desirable to ensure the -best 
phasing corporate research, developmental^ ; production, and educational 
activities .in ^compliance witit industxjr-agreed time pha^s. • No specific 
description of the ^scope of individual action items in 1:he timetaile has 



been- provided by AIMC/CICC, although more detailed subdivisions of .'action 
totems are given in activity desce^tions' prepared by the individual CICC 
Sectors^ These activity des^cripftions have been relied upon in the discus 
*sion of the technical content or^scope of each action it^enu- 

&;i.2..1 Publish Metric Scactice Guide for Construction (and Revire) 

' T>yi>r-rmfnaT>y T>Tr»«>r 1978/79 ~ . . ' ■ \ 

. Intensive Phase:; 1980/81 * . ~ , ^ 

Residual Phaser 1982 

A liietric practice guide is the major technical "desk reference document'* for 
the transitional periods It ^s intended to provide technically correct 
informatiori on conversiomapproaches and procedures, including the selection 
of preferred values Crationalirzation*) and rules for writing *and documenta- 
tion (drawing practice) in metric (SI) uiiits* SupplementaTy^aetric practice", 
guides "for specific sectors and subsectars would be based oVr Che ger>5»ral 
metric practice guide^^or construction* 

\ ■ ■ . • ^ / , - 

Whi3.e no comprehensive metric practice guide for the building community has 
befisn prepared,' parts metricT practice guides have emerged through national 
satSBQdardsr-generating organizatioxis with br;oad general agreement on -rules 
and ^ec 6inm enda ti ons Some such organizatioiis are the^ American Society -.for 
Testing and Materials , (ASTM), American Society of . Mechanical Engineers 
(ASMS) ^American Society*. of ^Heating, Refrigerating and. Air-conditioning • 
Engineeiss (ASKRAE),* Institute of ElectirLcal ^d Electronic Engineers (IEEE), 
anoEIllnminatlSig. Engineering Society (lES) The 'most -comprehensive document 
on^tthe' use >bf SI units cxk-reaCly a^vailable ro the industry is ^the* ANSI/AST!! 
StsaBodard E62W8., ""^Staaidard 2taic±±ce for the Use of Metric (SI) '^Units fn 
ffiaSTding -Design and Gonstxucl^ , , ^ 

Another rreference document wki^h provides a comprehensive set of metric 
posactiee* guidelines^ is the "MCA Metric BuilfflLng. and^ Construction Guide*^. 

m--^ • • ... • - . ■ .. \ • ' " ■ I: 

9^'y^2, . iPevelop Necessary Bas±c.-Meln:^;c. Stancfennfe 

• ' ^ l^reliminary Phase: lW«^ffa-1979 . . -.^ 

Int^sive Phaser. MidHE979yi98i . - ' ^ . . 

. V Residual Phaset 19823SMid-^I983 : / ' V : » / \ /- 

.!ffie :task of establishment jof -standards objectives, idenlzLfication;- of new 
5s£andaxds needed and exifcsting standards, Tfftgifcing ^nvers^ron, as well as 
^iher:=averview of . the^^^ standards requiired ia-srthe^' 

xons traction com^^ ^or development 'or; conver- 

sibnX^ is a key- Codes., atid Standairds SectoEr, 

^<fe(^/mas£.v active :;Sect6r /The -Sector .and ^ts . Sujfsectoris- are. 

^swalved in^^ t^ standards - identSac althougti. a. va^rying ciej^-ee 

^c^fcbi^ersion arid^ most nal^cpnal 

Hstandards-generating^ v ' / - 



Key s£andards Include documents dealing with design loads; structural 
deslgrr in concrete^ steel, Tnasonry, and timber; ditnensional coordination 
of bofl dings, building materials:, and systems; building services^ design 
concepcts (HVAC,- electrical, illumination, plumbing, etc.); performance 
as pe ccs of major building~mat:ex±als or components'; design for special 
occupancies (haniBteapped, . eLfexly^ children^ etc,)f^ and, space standards 
* for building occupants, equiiJiaenl:;, and vehicles • . 

•.» * ' " ' • 

^8,2,3 Determjae' Product Sizes 4n: Metric Units . 

Preliminar/ Phase: 1978/Mid-1980 " 
Intensive Phase: Mid-1980/1984 

Residual Phase: 1985 — ongoing as normal metric activity 

The determination of metric'^ product sizes is a prerequisite to' the 
production of gentjine metric "^materials, components, and systems. The 
process of deciding on suitable": and preferred' sizes involves >inter- 
industry meetings and discussions, the' prepcBcation of draft* proposals and 
draft saraindardSy. and the finalization of metric product standards. 

ConsidEstablct effort already has been :r undertaken in determining product 
sizes:Sor* streel products, reinforcing"^' materials, masonry unit§, building 
lumbea:^ ari^-gLass.' More detail on this is given in Part 5, The existence 
of diTBPnsional preferences,* outlined in Fez- 6, will assist industry 
sectors to arrive' at preferred inetric product sizes and ranges. 

8»2^4 Produce Metric Measuring Ecpilipment . . . . 

Prellminaiy Phase: Mid-i9795^1980 
Intensive 'Phase: 1 981 /JBiP^. (inclusive) 

Residual Phase: . 1985 — ongoing as normal metric -activity 

this actdbori itsm' is shown fn seventh place in the ANMC/CICC Timetable, 
but ' <Ar analogically •arid logically might be • shown eiarlier to maintain the 
. interna l^equeace and relatioTFS^1pe=g of the timetable. For t^is reason, 
it is discussed-^ this point. v . , T**. 

M^frfc • iiw'g^g tiViTig- f>qiii pntt^n ' 17 ^ hp 'n^^d^d for design and documentation,^ 
production (indnding. research," development j ..and :testing), and "on-site', 
constriiccfcon. vifie equipment insDc^Iaosed ranges from, ^raple scales ' for mass 
(welgJrtrX,, gauges fxxr measuremetit^ aiE" .pressure or stress, and thcrmbmetric • 
d^vicesi* A "wl^ :xange of eqjBfepraeEnt: in metric CSI) . units is ^/already 
available^and used in , laboratory: and • other work, in other j^;ipartially 
metricrlndustries, and in the Cajiadian marketplace. As with, c^plistruction 
products:^. It iSwdes'irable to ^esrelop national statfdards for metric Measur- 
ing equdbpmen±i^ilch\ include the use of correct ixnits,^^^i table graduation 

or scales 'or : dials; and tests- for accuracy of the measuring device. 

*' ^ . ■ ' ■• ■ . . • .. . , • 

8.2I5 Decision to Build Metrfic Building / . . ^ 
Preliminary Phase: 198B/Mid-1981 
, Intensive Phase: Mid-1981/1984 • . 
. Residual Phase: * 1985-<-ongoi*ng as a normal metric action 



The accomplishment of conversion Is dependent upon decisions clients to 
1)uild metric buildj^gs in Accordance _with.. an industxy-agreed tifmetable. 
Clients_neejdLjLo-J>e^ metric building will- ;:not incur addi- 

tionall construction costs or-^time. The building decision,. .<t:b va large 
extent, guarantees metric demand, although a point^in time will be reached 
^In the transitional period where non-metric construction could create a 
degree of prematura obsolescence in a' building and^ thus,_ dight ^not bfe in 
the best interest of the. building client. It. would be expected that most 
new construction after the M-Day -would be carried out in metric measure- 
ment , as . would all new design. 

' 8.2.6 Award Design Contract [for Metric Design] ^ 
. Preliminary Phase: 198I/Mid-1982 ^ 

Intensive Phase: ' Mid-1982/1985 ^ . 
Kesldual Phase: 1986— ongoing as normal metric- activity 

This timetable action item is a logical extension of a decision to build 
a metric building, and haa a one-year displacement in the schedule. ^ Of 
course » design contracts for metric buildings outside the United States 
, have been awarded to D.S^ design organizations for some ' time. However, 
this item would relate specifically to design work within the United 
States. f.. . . ■ 

8.2.7 Begin Conceptual Design in Metric 

- Preliminary .Phaseqf 1981 . ^ - ^ 

^ lutenslve Phaser 1982/1985 ' ; ^ 

* Residual Phase: -1986 — ongoing as normal qptric activity . 

This action item is shown in eigHth place in the ANMC/CICC Timetable, 
but chronologically 4tid ; logically, follows the* award of the design con- 
tract .for. a metric building psartlcularly, as the timescale provides for 
substantially* the same durations. Conceptual 'design in * metric anits is 
dependent, upon the availability • of key reference documents setting ouh 
spacQ requlreinehts and . acceptable - Xmlnlmum) st^pdard's f or activity areas 
and accessibility In metric .dl'mensloiis. Cpnceptual design will also be 
aided. by agreed dimensional coordinate 

8.2.8 Develop 'and' Distribute Metric Product Literature ' ' 
. . Preliminary Phaser Mid-1980/Mld-1981 

Intensive Phas ; Mld-198l/1985 . ■■^ 

Residual Phase: ^ 1986~ongolng as nprmal'metric "activity 

While shown In slxtii place. ln>t^^^ action item is 

highly dependent'Nip6n the ydetermlnatlon of pro:',uct sireis it^. metric, units ^ 
(8*.2.S) and decisions' by /induistry segments or .individual companies ' to . 
::ma:rket or foreshadow, metric' products. (A number of metric roofing prod- * 
ucts are already /available^ as indicated in 5.9.*) Some ^metric product 
information, may also have ^been. developed for external 'markets, such -a^ 
Canada.. 



• In some instances, one product line ' with two sets of product literature 
may be all that is needed to accomplish conversion, and the steel industry 

• provides some useful precedent with the description* of steel, sections and 
shapes in both U.S.* customary units and metric units. In other product 
groups, product literature needs to" be distinguished" clearly and carefully 
to./differentiate between hon-raetric and metric products. During a tran- 
sitional period, product literature will- be-, a major source of technical 
information, arid it is important that it be deyelpped ^ in correct SI units 

-and- with.- -Correct presentation of symbols and numbers. Metric catalogs 
and listings of metric product literature probably should, be- stored 
separately from other data for easy access and retri^val% 

8.2.9 Publish Model Codes in Metric 

. . Preliminary Phase: Mid-1980/198l 

. Intensive Phase: 1982/1984 _ V , 

Residual Phase: *1985r-ongoing as normal metric, activity 

, • ' • • . ■ , ■ . • ^ . ■ •» 

Metric, units in model, codes can take the form of ' dual values ^ either as 
direct equivalents or, as eltertiiative values, or a metric supplement (as 
used initially in the National Building rode of Canada), or as a separate 
metric edition. Each? approach has . some advantage's and some drawbacks. 
In .general, -the furt.hei: the change has • advanced, the more need there is 
to incorporate preferred. metxVc values. ^ 

""One of ithe ' strategies for a^smooth transition is to -work towards a "hard" 
metric verisibn in successive editions.. This can be accomplished by select- 
ing donvenient al t.erna txve metric , valVes in all cases where full inter- 
chSigeability is not required and where , no . industry standards have been 
drafted or issued. However, it should.be done with the provisp that any 
metric values shown can only 'be used with metric documentation ^nd cannot 
! be reconverted to,^.S. custpmary units to .obtain* a ' more advantageous 
compliance value. In* this manner both customary* and metric preferred 
dimensions^ can be. 'accommodated in one document. JThis approach >/ould 
eliminate many "nuisance Values" from model . codes and subsequent statutory 

^d'>c::rments based upoi^ them. ^ 

8.2.10 Enact Enabling Legislation for, Me trie Requirements] 
' - Pr'eliminary. Phaser MidTl930/1^981 . ■ ■.' 

^ ^. Intensive Phase: 1982/Mid-W83. . 
^ Residual Phase: . Mid-1983/i984 • . . 

» ■ . .' ■ ■ • . . . ' ' ^ 

This action Item is shown in eleventh place in* the ANMC/CICC Timetable, 
but chronologically and logically might be* shown directly after .the 
. publication of. mod^l codes,- it is. designed to provide the legal basis 
for the enactment of meCTic (building) requirements. The .enabling legisla- 
tion, need not indicate specific values^ iti either measurement system, but 
rather "prescribe -the maximum extents of permissible m6dification to require- 
ments to facilitate their acceptance at state or local; government levels T 
The €Lnactment. might also stipulate certain dates for acceptance ojfr documents 
. submitted entirely in metric units and, possibly, .a target date after which 
TPetric .documents wjll 'be. preferred. . , " 



8^2^ 11 V Conduct- Land Transactions in Metric 
Preliminary Phase: hi:d-1980/iS81 
• Intensive Phase: '1982/^ ; ' 

Residual Phase: . 19847-ongoins; as normal metric activity 

This action item is* shown in twelfth place in the ANMC/CICC Timetable, 
but might 'b6 shown directly after the enactment of enabling, legislation, 
' as such legislation may • be required "before lanid transactions -and regis- 
tration'^ can ^ take place in metric units/ Precedem: has indicated that 
the least €^)^ensive transition" is accomplished if land transactions^ are 
recorded and titles issued' in ^ metric units only, on an ongoing basis so 
thair; th(B ; additional cost, if, any^ is nfer^inal. Again,' for effective 
c>p>e^tions, . target 4ates should be set at the local level to minimize 
tratxsttlonal: di^f f iculties* r ' ' * 

' •' '■> ' ' " ' '■' ^ ' ■ ' 

8»2. 12 Produce Property Surveys In Metric Units 

,. Pr:eliminary Phase: Mid-1980/1981 . . ? 

Intenisive- Phase: . 1982/Mid-W8/f > ^ , 

Residual Phase: Mid-1984/1985~ongoing^ Sis normal metric '\ " 

activity " '\_ , • 

This timetable item is closely related to the /Conduct of land transactions 
in =metric units. ' Metric surveying equipment^ is already available, and the 
surveying*:and mapping community has developi^d a practice guide for metric 
activities At the national level, topographical quadrangle maps with 

ratio scales and metri^c contoW ^elevations - have been published by the 
U«S* Geological Survey in" cooperation with several states, and state plan 
coordinate systems are being adapted to SI with ~ the assistance of the 
Nat ioaal Geodetic Survey of the National Oceanic . and. Atmospheric Adminis- 
tration (NOAA): — . ■ ^ 

8*2^13 Develop: Metric Esiiimiating System r 

V " Preliminary Phase: Mid-l 980/1981 . 

* : Intensive Phaser 1982/1984. (incl^^ ■ ^ • 

: Riesidual Phases^ 1985 - • • . • - r : ^ ; 

The -Hje-vj^opment of a metric estimating system in l>uilding is showqi as the 
'tenth|item in the AMC/CiCC shown in a -later action 

item, vsiTice it -riepre^ents the . first- aLCtiyitx in which /the; contracting 
commniii^^^ :become - in^jplved ' as a; ''leadv^ sector. " The 

coherent relationships^x^^b units and m^ trie " dimensional .coordirfar 

t ion ^should faciiitate -the -de^ ,pf a metric. 'estiA 

maixlti^ .bank,^ and thus assist contractorsV -de signers /"^^farbducers, and^ 

users.. : Th^e^^^ migtit be use^ to deyeilop' suitable computer * 

programs. . . ; * • v.; / ■ .. • r .v. 

812.14"* B^gin Design "^velbpment and Engineering in Metric ^ 
Preliminairy, Phase: 19^^ 
; • Intensive Pha^ lttd-%1^83i/l9J55 - ' ^ * 

. >Residu2i^^^^^^^^^ , 19.86-rnolig;oing as norma^^^ inetricMcti'v^ty, ' 



The. development of^ detailed^ architectuiTal design^* and ^engineer 1 

* * tions in ' inetrie units represents the first iiajoj';;comitmen^ tnetrlb; * / 

mode of bi^lding. ^ Design development and engineering «re somewhat depenr^. 
.dent/uponv the. availability of sta'^dards. arid, product information, -as -well"^ ; 
• as general- agrefements on metric product availability. - The object4.ve^ of 'v. :• 
iae£iic.rdesign should, be to minimize the amount of new non-metric construcr:- -- . 

• tidnvafter the construction industry M-Day-jrthat ^is, if; the design i^^^^ 
' -.expect^ to go into field in 1985, or., thereafter, -it wptid be , advisable 

to use -metric (SI) ^units. * ; • ' . . * 

8.2.15. Estimate .and Bid on Metric Documents . * ; : ' 

-Preliminary Phase: ^1983 ^ : W.^- : ' ' 

IntehsiW Phase; ^' 1984/1985 r, : ' ' . ^- , vv;; ' 

V Residual Phase: 1986— ongoing, as normal metxTc activity^ ; ^ 

If the ■ANMC/CICC Timetable is adopted by the construction-- community, . 

:constrtictlon contra<^brs^ are likely to lie' face^d^ with metric documents f rom 

1983 onwards. ThiC^-^epresents' the^^ first test for the ,,meti:ic.. estimating . 
^ sj^stem developed by contractors and subcontractors. Whereas' -bldding on ^ • 

early, projects may be more difficult than competing for nonme trie wprk, 
- it will T>utld -up metric Judgment and expertise and' is likely to <:^y , 
-dividends later when . major clients wil^l look for organizations with.j)roveri - 
^' metric' capability. •\- 



. 2^ 16 Award "Me tf i% Con'st rue tion Contract 
i^-^ Prelirainary-Tlifetse: 1983 .\ 



Intensive ^Phaser 1984/1985 
c Residual Phase: ■ 1986^ongoing^aif normal metric activity -^ 

' The award, of a metric construction contract represents the second major * 
• commitment to a metric mode of building. • It will give a b'jilding ; client > . 
a structure wi tit., ininimuia built-in obsolescence, ^comp^tIsed with a ,,non-met-ri 
building carried- -put at tKe same time. The ^p^^ 
\ to include safe^iuards for all parties in the:*' e^^ pf unforeseep^/d^f^-g 
' culties. It wopld be unreasonable to hold tlie contraicit;or, responsib^ 

all non-availabilities; -similarly; it would be ' urireiasonable, to hav^f-^^h^ 
client pay for .^^substitutions- or extra ' work that, could clearly;, have bel^^ 
: avoided .i-- Precedent has * indicated that earO^y metric jobs are^^^^^^^^ 
^better planned ^and:! managed to avoid pitfalls;- therefore, "^t^i^v ar<^^ 
* less 'rather t^n- more likely" to* qccur. >•* • 

8.2.17 Accept Plans in Mietric and Issue- Bui ldj.ng Permits 
. • Preliminary Phase: Mid- 1983/1 984 .V 

Intensive Phase:, 1984/19fiE!5 ' ' ' ^' , \yi^^ 

Residual Phasie: i986'7"ongoing *as ndrmal^metrid activity -^^^ ' '^ 



Metric construction activity cannot eventuate without * approval ^-f metric 
plans, and the issuancie of a bvilding^' permit J 'ijl^ally, plan ^approval, 
should be based on statewide or regional agreements and target: dates, to 
; miniiaize disruption.; . ^-'i-^^ *' • \ : ' :^ f^v/j^^ 



114 




ERIC 



8.2.18 Obtain Labor' 'Agreements In Metrle> 

, Preli.ininary Phase: MldTl983/End-1983 "* 
Intensive Phase: 1984/Kid-i985 ■.' 

R^sidualf Phase: ' Mid-I985/End-1985 . - 

. The 'identification "of measuremeni:: sensitive labor agreements and their 
• review and .restatement t in ..sensiblej lmetric - terms is one of the - shorter 

activity items in the ANMC/CICC Timetable. It should be fiilly accomplished 

within a pewriod of- one y®sr from the 'proposed M-Day. v 

^•2.19 Begin Constmctio^n of Metric Buildings 

Preliminary Phase: 1984 - " . ' > ... 

\\ -i ^\ Intensive' Phase: 19857Mid-1986 ' . > 

Residual Phase: Mid-1986/1987 — ongoing as normal , metric activity 

This action item ha^- been shown in a" heavier ^outline as it represents the 
focal ;,item in .the Timetable — namely, the translation 'to the use and assembly 
of metric 'hardware. Jt is 'closely allied to the production and cfellvery 

of fully metric building materials aiid Components. - 

it ■ ■ . ... 

It is .anticipated that some trial or pilot projects will be commenced 
Tprior to the 'designated industry MrDay, and that metric . construction will 
accelerate-rapidly thereafter. Within two yesfrs from M-Day, all new. proj- 
ects should - be constructed in^ metric units as a normal mode of operation 
t-e minimize the duration *q^ . the transitional period, and dual producti^on 
lines, dual invetitories, etc. Metric training ^ of construction personnel 
can be undertaken either on the job, or immediately preceding the involve-^ 
ment in metric tasks. . ^ \, - ' . ^- . 

_ . ^ ' 

lB.2fi2t> Deliver Metric iProducts to Suppliers anfl Site 

^Preliminary Phase: .Mid-1984/End-1984 J"" , ^ 
. . iTftensrlVe Phase: ,1985/1986 ^ . - 

Residual Phase: ^ 1987.~ongoihg as nortoal metric activity 

"This action item is sequential to the "production-'.of imetric materials and 
components, and shows general overlap with ,metric construction activity. 
The ayailability of metric products will determine the ease with which 
metric, coiistruction can proceed. A suitable identification system Is re- 
quired to differentiate metric and non-iaetric .products in the transitional 
period. . V ^ * " " I ' 

8.2.21 Complete Metric Construction ■ ^ • . . - 

Preliminary Phase: 1985 'S\ v * 

. Intensive Phase: 1986/Mid-1987 " , 

Residual Phase: Mid-]^987/1988— ^ongoing as normal metric 

^ acti-^tyV ' V- * • ' 

At first, sight, this action ite% seems superfluous, especially as wiuh 
its accomplishment the point will-^^*<^reached where all new construction 
is carided" out in metric ^hits. However, • the time^cale^^ shown Indicates a 



•lag time of "one year bet'Ween activity items 19 and 21 (begin metric con- 
J:'striiction and complete metric construction), which may be taken as an 
japproxlmation of /'averaged > construction duration. Individual targets for 
coapenceraent and completion of metric construction have to be set for 
.each project, and the inclusion of this action item serves as a ^reminder, 
that the cora]jletion date is just as important as the commenceraent date. 

S^*2.22 Occupy and Maintain Metric Buildings 
Preliminary Phase: 1986/Mid-1987 
.Intensive Phase: » Mid-1987/1988 
* Residual Phase:: - ,1989 — ongoing* as normal metric activity 

The occupancy and maintenance of "metric" buildingis signifies the accom-' 
plishment of'the .changeover. . Apart * from any clearance or loading ^gns 
ivthere :will be few" direct remiaders' that, a building is a metric building. 
Maintenance should easier as *. gene -ai repair or maintenance items in 
metric sizes increasingly will become available. 

'8 •2*23 Conduct Real Estate Transafctions in Metric 

Preliminary Phase: , Mid7l986/Mid-1?87 ' 
Intensive Phase: Mid-1 987 /1 988^ 

Residualr Phase: 1989r— ongoing as normal metric activity 

The ANMC/CICC Timetable envisages that real estate activities in metric 
units will follow rather than .run in parallel to metric convjersion in the 
construction^ industries. Jo a large extent, the change in rieal' estate is . 
a change in. the descriptions, only (that is, the software), which; can be^ 
accommodated by means of a soft conversion and/or dual units during a tran- 
sitional perioH until such time as estate agents, sellers, and .purchasers 
beicome familiar with metric units, 

8.3" Some Comments on the ANMC/CIJC Construction Industries Metric 
Conversion Timetable - . 

The ANMC/CICC Construction Industries Metric Conversion Timetable is 
complemented by a nutober of Sector timetables which show greater detail 
'in the ac*:ion items. They include periods for familiarization or training 
of construction industry professionals, technicians, site personnel and 
labor; and ^ of f ice staff f .research and developmental activities; and, 
generally, an expansion . of items relevant to^ the particular Sector.- 

.It* is significant that/ in the , review of the . ANMC/CICC Timetable by 
conimittees,; individuals/ and representatives of industry groups, there 
seemis to have, been no /concern about the format or the chronology of the 
timetable i However, metric planners have stressed the need tor an "industry 
cpnmftment date," whi^h would represent an agreement by the bulk of the 
con'stiruction communit^ to participate in a voluntary but coordinated change, 
based on an. agreed timetable, ^ so that ' individual entities. ' can each play 
tlieir parts to effect the change* in the best interests of. the whole industry 

•and, especially, its clients. 

/*.*■""_ , • * ' • ■ ■ 
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The ANMC/CICC Timetable with its weLlrstructured chronology of "action- 
it ens" ^nd an indication of leadership, Responsibilities, is a ^practical 
reminder of the* need; for "cooperation** between all sectors^ Its focal 
point, relative to which elasped times, and targets can be measured, is the 
' "industry M-Day" — a conceptual date indrca,ting the start of metric construc- 
tion. The coramitmeint in a .timetable is riat to specific dates, but rather 
to phases or periods during which certain actions are expected t6* occur. 
The individual industry 'segment, group, or '-organ^^atian, therefore, can 
phase into the overall time scale as and when it is most.r, advantageous from 
a technical and/or economic point of :\view. .X^ - - 

8.4 International Precedent ""in Construction Metricatioh and^ Program. Timing 

Table 8-1 provides a summary' of .the. aipproaches and, timeir, factors in metric 
conversion in the construction industries of 3ritain,.- Sodt^h Africa, Aiistra- 
lia, and Canada.. Even though industry size and structure differ from the 
United States, the respective appjroacfhes and accomplishments aire . of . interr^ 
est. Metric planning, as a management rexercise with technical overtones, • 
was basically the same in all countries, yrith each nation except Britain 
learning from' the . precedent of others. In general, a period of 3 to^4^ 
years to M-^Day was found l:o be adequate' toV carry "ou£^, the key activities 
and, at the same time, maintain momenttim. \ . . 

8.5 A Model for the Achievement of a Decision" on Construction Metrication 

Responses to metrication vary from "le^'s stop talking and get it^. over and 
done with** to "let!s def^r it uwtil there 'is an absolute necessity to 
change," with the bulk" of the industry coveijing'va middle grotind otf 'will- 
ingness..iD convert "if everyotie else does." ^'^In the construe tioiu community, 
the strongest advocacy has come from des'igners, who can foresee significant 
gains in productivity, and the codes and standards sector, in. which design- 
ers are heavily represented as professional decision-makers. Both groups 
deal almost exclusively with "sof tware." > Except fpr certain gro tigs which 
can see very tangible benefits in st' change, manufacturers, distributors,- 
contractors, and labor have preferred to defer a commitment. r :> 

. ■ ; . ■ . - ' ' '■ y. ^ ■• : ' ■ ^> . ■ 

It is widely recognized that the constiruction community cannot, accomplish 
a definite response to the metric issue without ^cooperation* and involve- 
ment., of the key sectors and major parties' that make up the Industry-, ^e 
principal purpose of the'' NIBS Metric Sympo^iiam^ is to provide a fojrum'^for the 
"objective" . examination, of . metric is^sues >in the .constructioi?*., industries — 
without letting those in favor or those /opposed >f:dominate — and^Tthen to 
develop suitable industry-wide str:ategiefs for future action. 

Unlike other activities in the construction industry, metric conversion is 
not an oft repeated activity- which <fan be precisely designed, accura.tely 
estimated in terms of cost or time, and .carried out as a matter of routine. 
It is the most difficult assignment the industry has faced for a long time. 
It is an assigiinet^t that cannot be ^ faced unilaterally by individual s'ectors 
of the construction community, but rather needs to be undertaken by all or 

* ■ " , •. 
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none* Therefore, it challenges the industry'^ ability to cooperate which, 
in itself^,_jiasj>e.en difficult ^-to accomplish in the past. By its very nature 
as "a newy untried-, orfe-off , exercise, .metrication engenders .resis:ance by 
so^e, and" concern by many. It is up to* the industry, collectively, to 
assess and - decide , on the claims made both for and against .the change. 

This paper offers a-:??odel which might, be used in the analysis leading up to 
a decision by tiie const^ruction community on whether or not to commit itself 
to a voluntary conversion to metric measurement and, if so, on what type 
of program to .Mevelbp and how to follow-through. The model in figure 8-2 
shews five major steps in the decision, process:^ * 



. 1 . Study of Metric. Is,su$s .and .Concerns ^ ; 
2. Assessment of Benefits vs. Costs. - 
3... Decision on Metric Conversion in Construction * * 

4. ~ Development of a Timetable for Conversion ^ 

5. Allocation of Responsibility for Program ^Implementation (National, 
Industry Sector or Group, Individual Of ganizatf on). 



Much of. the work has already been done. The key stage is item three, the 
decision on metric conversion. There are no neutral options— in the event 
of a Ty^s,"* the timing becomes the next step and overriding issue; and the 
event of a "no," the industry will continue to adapt as it ^ has done to 
date* ' . . 

It must .be noted that the "Timetable*, for Conversion" presented by the 
Construction Industries Cobriflinating Committee of ^ the American National 
Metric Council was developed/ entirely by the private sector, based on 
consensus procedures, and participatrion by representatives of nearly all 
major groups in the cbnstruc^i-on coraraanity. Any alternative would duplicate 
most o^f the work. , . \ ' . ^ - 

8.6 Erom Timetable to Implementation" 

If a time frame for metric ~ conversion were to be endorsed by the 
construction industries, actual metric activities would ofccur in the ])vacr 
tical world of design^' production, and construction. Industry associations . 
would have a major role to play by widely publicizing the timetable and its 
implications for ^ their particular constituency, by assisting with imple- 
mentation issues or problems, and by Ri'xding members in' reaching common 
response^, during a transition. In addition to becoming information 
resources, the industry associations may also engage in metric training 
and/or familiarization activities. . 

Whereas metric "implementation" would occur at the task face — the local 
level — an overall advisory mechanism at the naticmal level would be highly 
desirable to give . guidatt.ee , provide rfor coordination between diverse 
sectors, resolve ' problems /or conflicts,, and, generally mon»i tor * progress 
or lack thereof. Ideally, the' implementation phase should »be coordinated 
by a group that "is- representative of all segments of the industry and 
respected by all; segments. No compulsory powers would ever be required 
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Figiire 8-2: A Model for Metrication Decisibns in the U^S/ Construction 
' Industries « ' - x. * 
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' by .such a grou^ (or . coimaittee), since Its very strength would lie in its 
: advisory role. The altemative—tiot to have any overall guidance— uroul* 
; almost', certainly prevent ql cost-effective' TnetriC conversion ..in . the 
; :. cbn^ruct ion industries. ^ . . - 

At' the .sector level, sup^gnentary conunittees: would be needed* to deal in 
. more depth with specific IMlementatio^ _ A 

At the organizational level, planning for the change and its implementation 
, will vary with size. In^ general, the larger the organization, thW more 
opportunity exists to benefit from a conversion by using it to introduce 
variety reduction' and rationalization oi.f products, processes, and proce- 
dures j but, at the same time, the greater the chance of confusion if . per- 
sonnel is- not properly brief pd or trained* It is important, that once a 
decision has been made to change Ito metric operations, a good met;ric cli- 
maete and information 'flow be maintained both within and outside the 
organization, w ' 

■ / . . . . ■ ■ : . , . . ■ • . . , 
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Spring Quality, General Requirements 
... ■ ' ■ ' • . ; ^ 7 ■ 

A749M'-77 Specification fS>r. Steel, Carbon,"^ and High-Strength, jLow-Alloy,. 

Hot-Rolled:^tfip, Genera! Requirements 

VB133M-80 Specif ication: for Copper Rod, Bar, and Shapes , 

B139M-80 ^Specification f oi?? Phosphpr Bronze Roi'd, Bar, and Shapes 

B14QM-80 Specilacation for Copper-Zinc-Lead (Leaded Red B^ 
^ . 'Hardware, Bronze), Rod, B^r and^ Shapes: \ 

- ■ ■ . ■ ■ , - . ^ : A . ■ • ■ ' - 

B209M-8d ^ Specif icati^ for Aluminum-Alloy. Sheet and ^late . _ 

BZlXStirSO Specification for Aluminum-Alloy Drawn Seamless Tubes 

B211>1-7^ Specification for Aiuminum-Alloy tor. Rod-, anfd Wire ^ - 

- ' . •■ . ■ ^ .,.\ 

B221M-79 Specification for Aluminum-Alloy Exttuded Bars\ Rods, Wire; 

W ^ Shapes^ and Tubes • ' .v ; \ v 

B247M-80 Specification'. for Aluminum-Alloy Die and -Hand Fotgings 

B248H-8Q Specification for G^eral Requirements for Wroughr^ Copper 
and Copper-Alloy Plate ^ Sheet, Strip, and Rolled Bar.' 

B249M-79 Specification for ^Seneral Requirements for Wrought Copper and . 
Copper-Alloy^ Rod, Bar,, and Shapes N 

V25GMr79 Specification for General Requirements for Wroiiight Copper-Alloy 

■• .."Wire.-^ • r [ ' ■ ' / • ' \ 

.B25 lM-79 Specification for. General Requirements for Wrought Seamless 
' ^. : Copper and "CopperrAlloyv Tul^^ ^ ^ . . / Y <^ 

:B557m-79^ Tension Testing WroUght^a^^^ Alondnumr and Magnesiu 

. .Products- . *' . . ■ ■ C . 4** ■ ' . * ■ '\ 
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B666K-80 Practice-for Identification Marking o£;-AiEiai^ . - 



C14jf^80-' .. Specification for Concrete Sewer/ St6rtf^lj^^^^^^e^rt:^?^i^ 

• » ... . ....... ^\-:-^^jy:^^:rV:^^*'--:l^^ 

C76M-80 ^ Specification for Reinforced.- Concrete: 

and Sewer TPipe . . ■ '/'—^^-'^^^^^^ 




•Cliai-80 Specif icatl-on for Concrete Pipe for Irii^a^ioir'-jcx^^^^^^ V, ' 

*C361M-:78 ; Specif ication for^Keinforced Concrete: LoWr^fe^ti^^^ 



C4i2M-80 Specification for Concrete Drain Tile 

C443Mf80 ' Specification for^ Joints ^f or Circular Coacret^^ewre 

'4:. Culvert Pipe.> ■Using^IUibber;^?askets - r^^h- '-C^^^^ \ 

.^v C444M^80 ' Sp^if ication for Perforated-Concrete Pipe 

C478M-86' Sjpecificatiori for Precast Reinforced Conjcrete Manhdl^^^^ 

. * ■'^^^^ ojf Testi<ig Concrete^ Pipe, Sectipns^ or file > ; ; 



X5D5M-80 SpecSLfication for Nonreinforced Concrete^ Irrigation^ Pipe with- 
^ ' RuBber Gasket Joints, ; ' ^ 
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C506M-8O..^ Specification for Reinforced Concrete Arch Culvert, Stoni. 
* D.rain^ and' Sewer Pipe. ,. 



CSG7M-80 Specification for Reinforced Concrete Eliiptlj^l -Culvert, 
■ . : Storm Drain, and Sewex^Pipe. "^^^^^^ 

•C654M-8G^ Specification for Porous Concrete Pipe. ' 

. ■ . - ^ o.. ■ . *• ■ - ■ - ) . . ■ ' ■ " ■: ■ 

X655M-80 Specification for Reinforced Concrete D-Load-Culvert, Storm>'^- 



Drain,, and Sewer Pipe^ 



• C7^?M-78 Specif ication for Precast Reinforced Concrete Box Sections for 
/ Culverts^ Storm Drains, an.d^%ewers • ' - ; *. 

.C350M-78 Precast Relnf breed -Concrete^Box- Sections for Culverts, Storm 
. Drains ^:and Sewers with less than 0.6 m of Cover Subjected to 
\ Highway Loadings ' ^ . j * \ • 

C877M-8Q Specification for External Sealing Bands for Noncircuiar 

. , Concrete Sewer^ /Storm ^rain, a^ 

£621-78. Standard f^a^^^ of Metric * (SI) Units in Building 

. Design and (Gonstructlon, - . : '^|^lv ^^r^ . • - 

■ " . ' ' ■ " ■ * ♦ , * - ' . * ■ . 

E7.13-86 Scales for Metric BuildiJig -Drawings ' . / ^ ^ ^ V 

^^ :;-T- . 129- ''v . ,/. ■ ■ ; •' .' 



■ ■.■r»r'.V..v 'I •. 
...... ...jti&li?'^. 



* ?467Mr79 for General Ose , 

" "■' ■• / • '■ '• -'^ * ' ■ - • " ' . .. . ^ ' .". 

F468k-79 Specif ica'Soa for Nonferrous Bolts, Hex' Cap Screws, and Stu^s^ 
' ' for General. Use . . w . 

9J5 American National Metric Council Issuances 

Managing Metrication in Business and Industry^ American- National Metric 
Council, Marcel Dekkei, Inc., New York, NY; 1976. 

Metrication for the Manager , John T. Benefict, American National Metric 
Council, Washington, D.C.; September 1*977. . ' 

Metric Conversion in the Construction Industries ... Planning, 
Coordination and Timing , American National Metric Council, Washington, 
D.C.; 1980. ^ . 

Metric Conversion in tlie Metals Industry (MetalJgroducts - ferrous dnd 
Non-Ferrous , 3rd. Edition, American National Metric Council, Washington, 
D,.C. ; April 19/9. , ,^ \ ' 

Metric Conversion, Paper #4, Metrication - Problems and Opport^iTies, 
American National "Metric Council, Washington, D.C.; 1974. ~^ 

' • , » ' .0 ' ... 

Metric Conversion Paper #12, Metrication of Computer Applications, 
American. National Metric Council, Washington, D.C. ; 1976. ^ , 

Metric Conversion Paper #13, Metri-cation at Dunlop , American National 
Metric Council, Washington, D.C.; 1976. 

• * " ■ . ■ ' . , • *■ ^ ^ 

Metric Conversion Paper '#14^ A Selected Bibliography, for Metrication ' . 
in Business -and Industry , American National Metric Council," Washington, 
D.C.;. 1977. . • " . ■ 

Metric Conversion- Paper #15% Metrication; What Needs to be Pone - ANMC 
Before the U.S. Metric Board on 18 August 197B , American National Metric 
Cpuncll, Washington, D.C; ; 1978. : 

Metfia Editorial Guide , .Third Edition, American National, Metric/ Council^ 

Washington, D.C.;. 1978; j 

* ■ ■' . . ' • " • -, ' ■ " 

sr Training Guide , -American Natxonal Metric Council, Washington, D.C ; 
■ 1979. . 
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APPENDIX ! - Extracts f rom NBS SP 345-12, U.S. Metric Study Interim Report 
Testimony of Nationally Representative- Groups* 

Page y of -General Summary 

' THE CONSTRUCTION 1^^ 

. .:The construction industry is extremely complex and any conversion 
would, require careful coordination in order to n^inimize problerns. Most 
o gnnips sw little direct benefit to, the industry from conversion, but many feel 

that It would present an idea^ opportunity to advance the concept of modular 
construction and thu§ -achieve intportant cost sayings, A special problem for . 
. the industry woiild be the' need to repair and remodel existing structures 
... * which would require.added inventories to be maintained for many years. 

A: ' ' ' " r • > . 

Page 76 ff Detalills of Construction Industry Responses 

' ■ * V' ■ ' • ■ 

Vll^ ODNSTRUCTIpN^ ^^^^^^ 

^ A SUMMARY OF INPUTS 

The construction inputs were obtained with the :spectar assistance of the 
Construction Affairs Committee ef the Chamber of Commerce of the 
United States. Inputs ^^vere received from 26 construction related groups. 

A majority of those groups' (ten) expressing>an opinion feel that metrica- , * 
tion is inevitable aiid/or desirable. Onty two groups are opposed to metrica- 
tion: 14 cither express no opinion or state the use of measurement systems 
. does not^affect their activities. * ; * - 

Almost all.groups expressing an opinion on a preferred method of con- 
version indicate that any such program should be carried out only under a 
nationsUly^cordinated progrant Some want a mandatory program and many 
suggest that a Federal agency take over responsibility for coordination. A 
V . ^. lOryear transition tjme.is conunonly preferred, with the first 5 years used in' 
converting codes, standards, and catalogs. • , . 

. Cost and Benefits of Conversion 

There is some resistance to change* usually, based on estimates of transi- 
tion costs with no foreseeable benefits. Many feel that cdnversion costs 
wouiiJ be moderate,' and once behind them th4 simplicity of metric- usage 
^. would briAg <^ontinuing sa^ngs, oppiortunities for more. modular construe^ 

^ tion^andlncreasecTexports. \ 

. ' Transition.jcosts, would be less than for manufacturing industries since 
most equipment changes could be made by adjustments or by normal main-o* 
teriance in 1 or*2 years.,^me added costs would be anticipated during , 
transition fi'om the necessary accelerated revision of codes, standards, anJ 

' ./ ■ ■"•'.w. 138 ■ 



dcsignaables: added irlvcniories causing some mix-ups at the job site: and 

some .worker ineffii^ 

Tranfeg-would>not'be a serious problem for' the construction industry. 
The chMgTOvcr would require new ^t^^^ -"unlearning" of long- ^ 

established relationships Vocational a^^^^ apprentice schools would have to 
change iMtruction to us^ metric units* but young workers entering the field 
with metric training would find measurements and calculations easier.to 

make. ' ^ 

Some problems would be faced, during and after conversion, in repairing 
oldet: structures built to customary standarfj^. Dual inventories would have 
to be'mairitained on some materials for many years, and a variety of adapters 
wotild have to be stocked. 

Modular Construction 

More than half of the industry reports comment on the opportunity offered 
by. metrication to advance the concept of modular construction arid achieve 
important cost savings. Unified codes could reduce the number of sizes and 
simplify the fitting of components together on the job. Uniformily would 
reduce intermixing and on-site cutting, and save construction time. IJi addi- 
tion, the use of metric modules would provide more opportunities for 
exchange ofirialerials and test data abroad. \ ^ 

Metric standards for wallboard and plywood pi^nels are pnly slightly 
smaller than ouD4'by 8 foot stMdard. Producers could change over to metric 
sizes by merely atijustinjg-machjneryv Metric cement block dimensions are 
close to present .1J.S: sizes, with about a 3/8 inch difference in thickness. 
Since molds have a relatively shc^rt life, conversion of the machinery' could 
take placejiuring nomal replacement. A mayor concern for all^uch building 
products nianufactureis^d conversion process woujd be the need toi 

continue to supply piroducts made to inch standards at the same time as newV 
metric-sized products are being produced. 

Other Iteim 

. The conversion of land title descriptions to metric units is suggested only 
on a ^^goforward-' basis, at the time'property changes hands. No useful pur- 
pose would records. Maps could be con- 
verted at tfe^^ine of ^ ^ 
- ^ The^«p^ri«^ England, whicli is takmg a 

^^dingirofe^^ 

goCHtiiuide t^ be^fbllowed. All building con- 

struc^on^imEr^ years after the^art of 

their nietricationprogi^ 
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nenibef finnfc ltiBdicate$tl»i'j^^ - 
jBt«^^ nitric 

CpBsado^ of ACRfs General 

tioiii:^^^^ iodtMry wooM coo^ any na- 

that a reiisonable time/ 

1^ by iiady-oixcdconcretc the 

^'^^^^^^^I't'fe.'n^^ precast con- 

Stalesand 

'^^^^ Concrete . 

wlricjiiodatd^^f^^ 

inpradkesindsttM 

to ihe^mctric system so that a separate conversion at a later date and at a 
ireaiercosCcoaMbeavoided V ^ ^^^^ ^ ^^^^^^ ^ ^ ' 

The Ikwd of Dirc(i)n bf the Ara Institute of Architects, in April 
1970.|Ms$edthcfollbwingre8oIu^^^^ • . , 

try^ aiid further ur}(esJ^^^^^^^ be adopted as the na^ 

X IkncS standard of weights and measures in the United States of 
America." ■ '■* . ' ,. ' . •. 

.Genennyvarchilccttiral projects which are to be constructed in the 
;lJnhcd Staes are dcsigiirf^^ usin^ the customary measure- 

;:rociitsysteittIVc9cctsde5ip^ U^.areusually 
tiesigDcd usingd>esystcmjngenend iw^ 

.Any.conveisibtt'shou^^^^ placi in a planned lO-year period. because 
undcr lhal pn^gram the conversion would be more orderly! take less time. 



and allow Dtt easier incorporation of a standardized dimensionaifraneww 
intotbeproductaoddimensionalstaQdardsbftheljnitedStates. . :'l 
• ■ • , • .• .•J 

AMERICAN INSTITUTE OF PLANNERS - il 

' ' . ■ ■ ■ • •■ . ■■•■■^ 

With no pittined program fbr metrication.the greatest problem would^ 
comparability of data. I;or example, planners use data, such.as miles, tim 
and gallons.'irom many Federal agencies. Changing to the metric i^sia 
^Id requnc the use of oroversion tables and careful descriptioiti of dati 
Without Federal Government coordinadon and widesintadcooperatim tfi 
convefision could be a tremendous undertaking. HoWer.undera nadonaH; 
coordinated proi»iam. planners would be affected no more than thegmera 
population. • " , )% 

AMERICAN LAND TITlLASSOaATlON ^| 



The, report of the American Title Asso^iatiM 
.of assodatiofl, membol The survey basically indicatn^that while son^ 
the meinbers anticipate advantages, such the efiiciiency and unifo^ 
that liftight be .^tzed if metrication'could be accomplishedthe coi»^ 
is that; conversion of land title records is unnecessary »nce land is^iiia^ 
expoi^|.hor imported. Further, the consensus seenis to befttuk^^n^ 
chnge would be difRcult, confusing, and expensive to thcfNibjic tf ii^g 
to title companies and would contribute tagrrater error in:titk:e^ 
•and insuring.';;; ....■■^'; ' '\'-\V:^'^;^;::^;;;^S^ 

The complexity of converting the huge mimberbf public.reconb no^ 
file jn numerous offices should be carefully considered if Jandtitieimi^ 
tion were contemplated Thought should be^9^^ 
verting land title records onlron a go-fonw^uid basis if metriotic^^ 
chan^ back-dated public record infornuuion to metricAnib in botir'^Bc 
offices iJiA b'tle company files would mean very higli cost witblttfei^iii^ 
benefit ' ' ■. , ■ 

In 1970, the ALTA Board of Govemon adoptedaresolution whic^i 
in partas follows: ■ , * ; ' ■ ' 

"Whereasiifirtually ail major industrial countries iit this~^<i 
have ' converted to ^ thC' metric system: Hm^ iherefore^ jiit^ 
reserved that the American Land TitkAssoc^tion seesno'admiu' 
iff con^jiirtg land titles to the metric system: nevet7hele$s, the^'As'^ 
S(Kiatm\i\l CiMperate in any decision mode by the Om^ress^^tc 
* copvert to the metric system.*' : 



AMERICAN PLYWOOD ASSOCIATION 



The solhvbod plywood industry uses thecustonuuy s^em of weigbtsaid 
measures. At thi^timcit does not appearthere isasignificantposalnliMf 



V industry M vohffl 
; try chaiged over at thcili^^ 

• Itappears tte logbl 1^^^^^ cany outaprogi^f planijcd metrication in 

the^pjywpodi^^ 

bteforifixidtiin^^ . 

' begnimi^iiiistaodards^c^^ 'r 
Icseensi aBpom^ be encouraged to stay as dae if 

proeot siaeslandrmodules as 

la view of tiic popular 4 by « foot piujel size and the cajadty of existing 
^tpineflt.anaximumnewpi0^ 
• VfeBil£ Mere conveision totlK metric laiiguagedocs not Mem to offer too 
great a proWea but'aay^^ in physical sizes could be chaotic 
becattseexpensivee<iuipnKnt«6(ddbecomeobsolete. > 
' -Tliegreatestpioblcrainvoh^in^to 
coonfination between industries. Jhal art inter-relaled and tliat need to 
establisbsizestandardsihatareconpatibkwt^^ . 



THE ASSOCIATED GB«ERAL CONTRACTORS OF 
THE NATIONAL CONSTRUaORS ASSOOATION ' 



■:■■.■<- 




MiBHCAN ROAD BUILDERS' ASSOdATWN 

TTiercportisbaseduponasonreyofselectedracmberfirms:; 
- iij goicial the siBvey indicates t^^ 
'sbmeproWenisfortbc'hi^ 

tional chanjeover to the metric system of measuteraen spite ' of the 

potenfet:pcDblcm$; t^^^ ^ 
tibnaliictestofanKTCunifonpandlogical 

M«t memblwy to^^ 
'^hechai^jewbuld rcquiieclosccoordimtfiopamongdifa 



Based 'on experiracc, reported by the^ritish Mctriation BoaitHn 
Relative to Great Britian's conversion'to the metric system, and on 
opinion of members of the associations, no increases in,cost or difficuW 
due to conversion in the construction industry are forcscfeii. provlding:^ ^ V 

(0 That the conversion is orderly.' planned and gradual inrils effi 

andv; , " ' ,\ ■ ■ 

(2) TIttil simultaneously with the convcrsioni^ihe standards* codesaw 
specifications wbkh now prevail arc modified to conform to ih^ nw| 
,„unils of measurement, and that nationally rccoj;nizcd boUles"*-* 
urged to standardize the results o( their efforts where possible 
tl^at local governmentol bodies.bc eiKOuragcd to adopt model ori 
gionalcodes, * 

BUILDING OFHOAliS AND CODE: 
ADMINISTRATORS INTERNATIONAL . ■ 



a- 



In this cowitry. lhe;customary system of measurement is used «clusiy« 
in building code enforcement. Since the customary system of mwsuremic 
has served the neccssaty purposes Mtisfactorily and the consiructjonandj 
latcd industries.usc the customary system, the motives". for instigati|sfl 
change arc based on matters not direiay related 10.W certainly co 
this industry.. 

The members of BOCA who have cxr/ijsscd an opinion on this subjc 
favor a change to the nfttlric system because: 



^„i»^^^«,^^^^^^^^^^r~^^ ■. , Acommnsystmofnx(uuremntthmHhoutthevorldwouldim 

Vclose (;^ . prmintmotionolmdccndcommnf^ndja^^^^ 



pfam^ of tducatiooi' coco&ragement, Smd' periiaps financial 

Some segments higjnwy industry could chan^ 
otbers^mbrc slowly.-TTie liming of a change mwt be coordinated to follow 

• tfe^k^ s^oicc' of^Qp^ beginning with planning and design and 
. cwiinirag thii^ ^! 

'^^^bLinate!^^ ^ • 

Aiiya^ 

/||TOn^teed 

: 

• ; io^jbri^ 
rnY/^cuwirawttn 



ofmMriids, huMng techniques, and system betveeen nations. 

A .<ommon system of measurement is imperative ^^o sk^t^ 
'techiloloKical innovations heween nations. ' 1H 

ThemetricsystemUw'nvenientfore^^^^ 
'Building codes coaidbe umersally interpreted and adoptef i , 

. '.BOCA feels tlie^ipossibility of complete metrication is negligible, unl^ 
mandatoryjiconversibn process is adopted. Therefore, tte mcmbers^^ 
Biuilding Officials and Cbde . Administrators Internatiw^ 
mend that the Secretaiy of Commerce urge the 
action toward implementing aCO-yeat, planned metrication programto^ 

United States. 
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g^giwayiirex^ Fi^lwiwrc: Wdpal e^^ public works bflidals \M 




'^*'nWltlOll|pl;» 




ooiWc^gh Uicconvcrskm costs; ^ 

and; CMite^ 

Cotyaqofs^inettb^ 
problcnsofm^^c^ 



0^'!^?*^!^°^0^^"^ siicb as flubitscai^l^^ : 

fWi^S^f^^^-^l^^^ P««ram between Fedeial»siaie,ai^ 

!j^^a|^er;prQblciato^ 




'^CRaliyadbpted 

maioiuyidpui^ 



Kigniaris or products. 
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Ms^lMtbMiB^ NAnONAL BECTRlCAl CQNTRAaORS 'ASSOdATION 



BMio^MiKtric s^iince the field persoooel ait ooQteclnicaL How- 
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„-iM6&HoiMMamif^^ Assodation as agroup has noppinioos 
Jpo^:ya:^^f«sM unit usaje is predominantly cuslonjaiy. but . 
K^seens 10 be littk doubt that the indusuy '^ouid be able to &com- 
ipodaieaay qoByqsiottwithout senous coflsequenccs. 

inOMAI^^^^ HOME BUILDERS 

. ••■ ■ • ' \ , ■ . 

reportis based upon a survey of a representative sample oftbe Na- 

tiogkiAssocia(iodof'Home.BuiIdds\m^ 

|<Sv«Mntto the repair and 

^ioiidii^iiDfmilG^BS 

|ttt(£lbinkliiigs,^^^(^^ and feet, would need repairs 

ioal^ ininple^ the conversion to the metric sy^ The intent 
^^^iawiibn s^ arrive at*workabIe and easily understandable 

measurements. t> 
Ip^fexperience in ancmpling to introduce modulijr coordination , has 
i^n Uiat unless there is a coordinaied effort, with some positive means of 
OMuntgandcan c^^^ wiU.probably be unsuccessful Any 

of plaiuKd mcm^^ must take into consideration the fact thai'the 
^^n industry is highly complex and over-the ye^.has developed 
^gj^effideiatandecoix)^^ 

^ii;; ASSooAnoN 

pScowetc exclusively uulizcs the "modular 

SKfin86on"con^ thecusto- 

^^^l^^OKlCopvasion^^^^^^^^ metric niiodule would be possiNcJxit 

_i<ausctwb4^^ • ■ ■ [] 

iiSpb^Modutar-c^^ andniodular metric blocks cannot beln- 
lOlwiiltedift the 

|§cepundiibcb^ ' ' •' 

""SlSaStblocki;^ a local basis with no 

_^_|»rii»'tte mtcrittti^ raaricet, iht concrete bipck industry sees no 



. The report is based on a survey of inember Anns. The survey reveals tb^ 
at present the customary .system is primarily used, except that electrioll 
um'ts are metric Howjcver. as more ftrms seek to go iiitemational, the ned; 
to 'Ihiok metric" becomes more imperative. Increasing imports of materia^ 
is presently caiising problems for domestic operators, includitig on-site per;;^ 
sonneL ' ■ ' vv^| 

The overwhelming majority of the Association's members approv^^ 
ida pf converting and express a sense of urgency that it be undertaken 
soon as possible, following a carefully planned program. ' 

The nuyority recommen(!s the conversion be concurrent in architectural^ 
design and electrical materials manufacture and that the government talte ti^ 
lead in fostering and encouraging conversion on all fronts more or lesscoiK 
currently. » 
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I^TIONAL FOREST^RODUCTS ASSOCIATION 

It is unrealistic to think that the constructioil and building materials im 
tries. wouU pennit a trend toward metrication, either voluntary or stiniu^ 
lated, to proceed without coordination. Such coordination should invol' 
architectural planning, modular coordinatio;) and engineering design as wdi 
as product development and US& - 
" The altitudes encountered most frequetttly in'the forest product indi 
on the.subjea of metrication seem toie: ( t) that the trend is an unavoi 
ohei.(2) that its benefits to most segments of the industry have not been ful!3| 

■ explained or Understood; and t3) that the total cost over the period of cci^ 
version rnay be difficult to justify in tenns of direct benefits. Reaction rang^ 
from emhusiasm through cautious opu'mism to concern for cost and^tenri^ 
.tiohofproductionandmaritciing'practices. r ' ' 

It is generally bdicved that simple conversion of prKeiit mc^^ 
units to the.metric system at the produrt level couW bfraccomplishedw! 

■ mim'mal 'adjustment of equipment and trairung of production 
# Volumetric detenninations of log yicltl and conversion of land 

' ments' to the metric system, however, arc thought to be- significant 
siraintswhereaduai system may be required forsdme time. !■ 
. With respect to lumber use in biiilding consmiction; the iixtont lP:Wlw^ 
bene;fits of metric conversion could Se translated into simplification o^tOK 
buildingi)n)cessaiKl demonstrable M 
m^f factor in deterrainiiig the pace of metrication .aiid degree to.wti^ 

■ coordinbWoftbeefibnivouldbeencouragedandsupported. V'sl 
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S!^5^?^I'*^^*^P^ industry 
S?????^!'!**^^"^ *^^^ iheindustty. with its ancndant - 



AN OVERVIEW OF THE CONSTRUCTION INDUSTRfS 
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. The siriidwey thecohstriict^ industry docs not readily lcnd itseic!!< 
najor ctengc. The industry is higWy intw^^^^ 
dccentraK7tdwih thousands ofcomFwnies panm 

New constroaiph shouk^not be emphasi/ed to the excluwbh oTitwp 
tion. tenwdelfng. and repairing. These would c;ich h«ve an cntirely diircpaS 
impactfs far as nKtriation isconccrned 1^ 
. , complctelyin the next lp'years.il would be easier to construct new huiUn^ 
and nonlxnidiiigs than to repaiij^ onw now in existence. Many o^the 
buildings iiw standing will be in existence for4he next one hiindred y^ 
Constnicted and -planned on ascale of inch^< and feet, they would j)i«5ert 
serious renovation and repairpipbteras.. " 

Anolhermajorcoasidetati^ iiidiistryisitsworlS 

■ ItcwwWof^laigepool'ofpeto^^^^^ 
skills, There^s- constant movemcflt^^^^ of thk^ worit fuw^wawc 
generallyrspeaking; there is:veiy weak indusii> attachmenu Ittak^bM! 
IipersoktofiIloneannualj(Db.o'^^^ . . ...^ j.^: c-^^^ 

Concerning metrication, in construction there is Httlc or no pi^^a^ 
, cation and no pKl^^^ 

materials are insignificant'nbw and pro^ly will continue to bcm thefr ^'""' 
The reasboi for that include the woght^bulk. atvd high.cost of 
tion-'' ':\ -V-\^ ■ ' ' '''" v: :. 
Aaomroodation. 01* even^ptjon,.wouId be bcner than convoi^c^ 

v^lbe coiistruction imJuslry.The increased costand very limilejl benefrt ^ 

; this'industry wouM rwcivepredudcseto 
should notaffcct overall coRsmKaionacfivit^ 
to the cost and availability 
construction will.be ^tare^^^ 

Housing constnJttioncoHldbcp^ togrve priority totheoon* 
of plants, capital investn)ents.fflxl plaiiuquipm^^ '-M^^^iM'^m 

Another fadorwhichwould affect tte^ 
quality of the woritfora^ Training would bit^n^ 
mary system to the.me^^ syacnL:Traumng;isi)robab^ ^^^^ 
eIenfcnn'ntheiiKlustry.:Theaiadiyo^^ 
- teaching* aids: textbooks, and'feraon materiab' >^ 

analyzed; y^n to tnunandlK>«rio^t 
..;;;teitMwouldtev£4oy^^^ 

example a worker fives in a rural areajnd has to tiaveltotrw 
;:-classrwms. the. time spCTt^c^ 

■ ated for timcand transpbiteu'oru creating 

Addioonal concenis include the impact on the eamingiof }cw 
. There Awuldix a strong'poi« delays in ; 

ing: Also, raanypersons who arte'rther unwilling orunable to leami( 
forced out of.work. 
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NknONAl>kBR(miBniO(K> 0^ 



^^Itfenadn^i^Bratb^^ no past ex- 

^S^JiiilTl^^^i^^ tools due to metrication 

SSl®SaiH^^*<^^ ^^^^ 

Sonvi«cetio^peie^«^ 

MonSSiobtmic baveto fund hinweirthc 

SpffiStoflthbsc ^ 

^^^iiiiim^^ ^ ^ undctcnnined 

^ik^dovefS^ advantageous. 

^^S^^pmo§o^tiiis>a^ that wittrthe iniarease of^w^ irade'a 
^opontht4^ineoi'<^^^ 

|fflp;^>jiBi|^^ be needed in. 
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ramiTiarity >rith the system 
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MTERNiiTIONAL BROTHOHO 
AN6|AIUH)^1R/^ 

• •fe«pffiincc:0^ with the use of measuresris priiMi| 

limited to linear and Hquid or volume measuring, and nioslof thCiiiwnN^ 
ship han been using the English system of mas^ 

experiences.,'-" . ' '-''^ 

« NomcmbersoftheunionhaveanypastexpencnccwithconveBiontol^ 

metric system: moS memhere are probably not cS^en familianwAg 
Funhermorc. there arc no readily apparent advantages of cqnversiOftfRW 
thestandpointoDheindividualmembersoftheujiion. ' ■ ^ 

The'impact of conversion on members in the building trades, primag) 
painters, glaziers, and floor coverers. relates mainly to tool rcplaccrocnC 
They typically supply many of their own tools. Among the indastrial W 
kers.inost of the paint makers use employer-supplied equipment. Howww 
the raaintenana painters supply many of their own tool Mtsl^.bcside 
painting, they. ait. expected to perform qther maintenance functions wtotf 
masinvolve the we of micrometere and depth gages. Retraining in^btr* 
areas would also bea concern, the amount of retraining would necessarii) 
vary according to tradesmen's or industrial workers' present use 
customary system. ^ i .^il:' i ^;; 

BncnAYOS, MASONS AND. PlASrO^ 
INTRNATIONAl UNION OF AMERICA 

. If the metric system were adopted;Sicre would.be much.re«$^ance ta^ 
changcattheoutseL HowtVerJlie tradesmen of this union couWad^Jw 
change wiili fewer problems than other trrfw. Successful convereiooii^ 
require coordination of changes between material suppHei?.arebitectd^ 
ning engineers, and general and masonry contra«ors<hrough joint niee^ 
..andeHots. s ■ • . 

■ , Adwntages of metric usagfc may include its ulthnafcsimptioiy mcatog 
tioit Abo. there may.be some simpTrfication of processes an<(^on^[W»« 
if the system of measure were unified throu^ the metric gistem- yi^ 
economies through speedofconstnKsion couldi^^^^ 
design^ buiWing materials: ark! assembly te^^ 
asiawlardizedmcasuringsystem. . / ' - ^'^^-^ 

TTic'rnajordlsadvantageof metric 
reedttcationl K corapietc .reeducaiion prt>gram of all workers- y^onM^ 
necessary. There maybea total rtjection by someof thcoWerwrkincn| 
the outset There wouW l^ s^^ in job planning awl estinttboj 
Woricertool changes would also be iequired.Tnese include a regujarfofcttt 
rule.50 feel and 100 feetiteel raea^rir« tapes^ a framing squait ;^ 
costs of such changes would be minimal. 
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U.S. METRIC STUDY— AGENDA FOR CONSTRUCTION INDUSTRY CONFE^CE. 



.U-S.\l 



CONSTRUCTION^ INDUSTRY CONFERENCE . 

Sponsored b^ . the 
DefKirtmerit of Commerce^ Notional Bureau of Standards, 
Goithersburg/ Maryland/ 'October 5^, 1970 



•w Monday, Ottober 5* . ^" - . / - 

.- ' « ' ■ . ' . * 

9:30-10:15 Opening Session: Cbanrman Danid V,, pcSimonc. .Dircciorv U5. 
. ■". ■ . .. Metric Study . . . . ' • 

* WdcQine-— "The National BunanVfi^^^^^ 

. • bfliiics Undcc the Metric Study Act^^ 

* . Deputy Diiie^Qf;^J^^^^ -'-S '- '^---^' '^^ 

niie^Cbnstniction Indiistiy and the Me^ 

lock; Wlutlpck, Mai^ tTaitr member. Metric System Study 
' Advisory Panel ""v • * 

, 10:30-12:30 5(f3»bn:^:^0^ - 

Partidpants: American Institute of Arcl^ 
. ' . " " . Consnilttng EngiDMiij Co^^ 

' « BuildingjOiBcials^Cbnferencc of America, Inc... • 

loteniatjonal Coiifer^^ 
1-30^:4:30 Session Th-o/ Bmlding MateriaK-:FTOductioh Sales 
" Partidpants: American Coiuaete Insukite ' 
' . Natiraal Concrete Masonry Association 

Stnsctiiral* Clay Products Institute 
■fji National Forest Products AssodatioD 

California Redwood Assodation 
American Plywood Assodatiob ' 



Tuesday, October 6 . * J 

9:30-11:15 Session Three: General Contractors and Subcontractors 
1^' Participants: Associated Geiiera] Contractors of America 

' National Constructors Association ^ 
Gypsum ^Drywall Omtractbrs International 
iv ' International' Association of Wall and Ceiling 

ContnctoTS ^ 

11:15-12:00 Session Four: Building Services , 
^ Partidpants: .National Electrical Contractors Assodation. Inc. 

Air Conditioning and Refrigeration Institute 

1:00- 2:00 Session Five: Home Builders and Home Manufacturers 
Partidpants: NatiocaLAssocntion of Home Builders 
^ Mobik Home l^anufactnrers Assodation * - 

2: 15- 4:30 Session Six: Land Serifices and Heavy Constroction 

, . ^rticq^ants: American Luod lltfe Assodati^ ' 
. American Society of Civil Engmeeis 

American Road Buildefs Anodation 
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~ - .. '^**?'^'^^°^*^°'^.?»' Metric Actions." ' , uimxccees. or . 

.. Construct-ion Rel^t^d: National L...oA.V.lo - . 

Air CondiMonlng and Ref rtiefatioli W • 
Aiumlnum. Association,.. The 
• • American .Association of Cost^ Ehgineers 

American Coacrete Institute - • . 

' -American Concrete Pipe' Institute ' 

American Co,ngress on Survejang-antf-Mi^iS^^^ , ' . " T 

American Geophysical Union \ 

American Hospital Association ' - ' ' . • - . 

American Institute of Architects ' ' " - - > , - 

l^"^"^^ ^^^^ ^Pr^ls^rs ^ ' . 

American Insurance Assbc-racion T . . ' 

American Iron and Steel Institute - 

American .Land Title As«>ciation '« ' -* ' 

American JIational Standards Institute- ' 

American ■piy(,oo^^SQj.j^^^^^^ - 
, American Soa^^ , . . • 

Ainerican Society for Testing ah^ ^ ^ . , 

American Society of Civil Engineers - / " ; ' ' ' 

^ .... 

^negcan Society of MechanicaiJ Engineers * ' ^ 

■A^erleranis^^^ - " * 

' ■■' . : 

^ .American so^ ^ ^ 

; .Associated; Gen^ra^ ■ - 

■ V ^ASS^ i : 
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. vi&im '* -1.- 4 ^ 

kiiAiood Tlywood Maifcf actu^^^^ > 

• liltHBinating Enjgineerlng Society . j . 
iMtitttte of Business Designers 

^Institute of Real Estate Mana^ ' / . \/ 

■ iL^t^^ Structural, and Ornamental Iron 
-Tntemational Association of Bridge, Structurax, a ^ 

- t,:^ana Aiso^^ ^^^^^^^^ . 
.international Brotherhood of ^1^^^^^ ,. - . 
Intemationai Conference of B.uilding Officials , 
International Masonry Institute \ , <^v,„«-o,t. * 
iSeSational Real Estate Federati^, American Chapter . 

. iLabbrers I^^^ - V 

Lead- Industries Ai^^^ ' • 

Manufactured Housing Institute -v . . 

Mechknical ^Contractors Associatit^ 

- Hetil Building Dealers Association . ' 
National Acadeiny of . Code Adi^n^^^ 

National Asphalt Paven«nt Associ^^ : 

Nationsa Association of Home ^^^^^^ - 

■ National As^ciation of Horn . . 

t-ifetional^Assotiation of Real^^^ 
NatioiarC6ncret"e Masonry Association^ _ - . 

. «ititon^ Electrical Contra^^^^^ 

• Njitionii Electrical Manufacturers Association • , 
■NaSoS&ln^ 

■ National Fire Wotection Associ^^^ . . 

National Forest Products Association 

National 'society of Prof essional Engineers 

Natibhal Utility Contractors Association - . . v ; _ 

• Portland' Cement. Association . . . . ^ . 

Prestressed^ Concrete Institute \ . ...^ 
Prbdiicer*« 'Council, . The: .. 
Reaitors National Marketing ^I^^^ . , - 

- society of American Registered Jjrchitects . . 
SodLety of:^Itidustn:ial Rea^ - • 

■ - Society of Pieties Industry .[ . , ^ -■ 
<• Society of 'Real Estate Apipraisers * / • ;>•.>;' 

- |oSh2™%uilding. Code Cbngr^ ^^'^i:. ; 

- Thermal l^Tila^ t - ^ .^^"^ 
^.Tile;:Cbntractoi^^<^^ -^fWj 
t^lteW;:x:ouiJi3^-of:^Amer^ . -.VC^.--*' 
B''^^lS:»iss^I'l^te-lx|^ttt:u^^^^^^^^ ^i^, ^.S^^^ 



•Wo.oien's Council of Realtors * ^ 

donstruction Related Ittdivldtiai Companies > 

.American. Standard/U*S. Plumbing Prbduc^s 
American Telegraph and Te^ 
Armistrong Cork Company • \ 
T*R* Arnold and Associates, Inc*. * 
.Babcock and Wilcox 

Eechtei Power . Corporation .* 
Bethlehem Steel Corporation. 
BUiss Steel Products 

. Boise-'Cascade "Housing Division . , ■ " 
•Braun iand Wleder Construction Company ^ ' 
Buick Motior Division • * . ' 1 

: Cahner^s< Publishing •Company 
Carrier International Corporation 
Cert^lii-Teed Products Corporation . 

; Pleetwdod Enterprises, Inc. .. .' 

"GAF Corporaticiii . ^ ^ * 

^ VtR* Girace. and Company 
Green Construction .Company - . • 
HatisteadXand Mitchell . : . 
liJi; Corporation : ': . "* . * 

^ Johns-Manvtlle World Headquarters 
Kopper s . Company, Inc. • . > ^ 
Lockhard Manufacturing Cpnipany ' 
McGravr-Hill- Information, Sys • .* 
Mobil Reseay^ch and J)evel6 
Monsanto Company,, pie . 

Quak^r^^ 

Staith,^^^^^^^ Associates 

Structure^^-^I^ " 
jia^s^^ ' * * 

Tamer' e^^^ / . 

Dioibn Carbid^ . * 

•Gyi)Stim\-..;^^^^ 

Weyerhaeusexr^Cbto^ , 
^'^^ ' ' '\ ' - ^ 'IS'^^'.. ■ - 
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NBS TECHNICAL PUBLICATIONS 



PERIODICALS 

JOURNAL OF RESEARCH^The Journal of Research of the 
National Bureau of Standards reports NBS research and develop- 
ment in those disciplines the physical and engineering sciences in 
Which the Bureau is active. These include physics, chemistry, 
engineering, mathematics, and compute sciqjices. Papers cover a 
broad- range of subjects, with major emphasis on measurement 
methodology and the basic technology underlying standardization. 
Also included from time to time are survey articles oa topics 
closely related to the Bureau's technical and scientific pr;^^rams. 
As a special service, to subscribers each issue contains complete 
citations to all recent Bureau publications in both NBS and^non- 
NBS media. Issued six times a year. Annual subscription: domestic 
Sl.^: foreign Si 6.25. Single copy. S3 domestic; S3.75 foreign. 
NOTE: The Journal was formerly published in two sections: Sw- 
tion A "Physics and Chemistry" and Section B ^Mathematical 
Sciences.'* ^ ' 

^DIMENSIONS/NBS— This mOnthiy^magazine is published to in- 
form scientis^Ls. engineers, business and industry leaders, teachers, 
students, and consumers of the latesi advances in science and 
technology, with primary e;^phasis on work at NBS. The magazine 
highlights and reviews such issues as energy research, fire protec- 
tion. building'techAology. metric conversion, pollution abatement, 
health and safety, and 'consumer product performance. In addi- 

.tion. it reports the results of Bureau programs in measurement 
standards and techniques, properties of matter and materials, 
engineering standards and ser^ces.^ instrumentation, and 
automatic data processing. Annual subscription: domestic Sll; 
foreign $13.75. • " 

^ NONPERIODICAtS 

Monographs — Major contributions, to the technical literature on 
various subjects related to the Bureau's scientific and technical ac- 
tivities. . ^ . . 

Handbooks — Reconimended codes of engineering and indu.strial 
practice (including safety codes) developed in cooperation with in- 
terested industries, professional organizations, and regulatory 
bodies. 

Special Publications — Include proceedings of conferences spon- 
sored by NBS. NBS annual reports, and other speciafpublications 
appropriate to this grouping such as wall charts, pocket cards, and 
bibliographies. 

Applied Mathematics Scfics — Mathematical tables, manuals, and 
studies of' special intei;«t to physicists, engineers, chemists, 
btdlogists. mathematician^ . -o <j l T? puter programmers, and others 
engaged in scientific and technical work. 

National Scandan| Reference Data Serfcs — Provides quantitative 
data on the physical and chemical properties of materials, com- 
piled from the world's literature .and critically evaluated. 
Developed under a worldwide program coordinated by NBS under 
the authority of the National Standard Data Act (Public Law 
90U396). . 



NOTE: The priricipal publication outlet for the foregoing data is 
the Journal of Physical and Chemical Reference Data (JPCRD) 
publi.shed quarterly for NBS by the American Chemical Society 
(ACS) and the American Institute of Phy.sics (AIP). Subscriptions, 
reprint.s. and supplements available from ACS. 1 155 Sixteenth St.. 
NW. Wa.shington. DC 20056. 

"Bnlldittg Science Series — Disseminates technical information 
develofied at the Bureau on building materials, components, 
systems, and whole structures. The series'presents research results, 
test method.s. and performance criteria related to the structural and 
environmental functions and the durability and safety charac- 
teri.stics of building elements and .sy.stem.s. 

Technical Notes — Studies or -reports which are complete in them- 
selves but restrictive in their treatment of a subject. Analogous to 
monographs but not so comprehensive in scope or definitive in 
treatment of the subject area. Often serve as a vehicle for final 
reports of work performed at NBS under the .sp jnsor.ship of other 
government agencies. , 

VdimCary Prodoct Standards— Developed under procedures 
published by the Department of Commerce in Part 10. Title 15. of 
the Code of Federal Regulations. The .standards establish 
nationally recognized requirements for products, and provide all 
concerned interests with a basis for commt>n understanding of the 
characteristics of the products. NBS administers this program as a- 
supplement to the activities of t^e private sector standardizing 
organizations. 

Consumer Information Scries — Practical information, based on 
NBS research and experience, covering areas of interest to the con- 
sumer. Easily 'understandable language and illustrations provide 
useful background knowledge for shopping in today's tech- 
nological marketplace. 

Order the above NBS puMicatiorvt frgm: Superintendent of Docu- 
ments, Government Priming Office, Washington, DC 20402. 
Order the following NBS publications— FI PS and NBSIR's-^from 
the National Technical Information Services. Springfield, VA 22161. 

Federal Information Processing Standards Publications (4^PS 

PUB) — Publications in this series collectively constitute the 
Federal Information Processing Standards Register. The Register 
serves as the official source of information in the Fc6cr^\ Govern- 
ment regarding standards issued by NBS pursuant to the Federal 
Prop)rty and Administrative Services Act of 1949 as amended. 
Pub»;c Law 89-306 (79 Stat. 1127). and as implemented by Ex- 
ecutive Order 1 1717 (38 FR 1.23 1 5. dated May Il.l973jand Part 6 
of Title 15 CFR (Code of Federal Regulations). 

NBS Interagency Reports (NBSIR) — A special series of interim 'or 
final reports on- work performed by NBS for outside sponsors 
(both government and non-government). In general, initial dis- 
tribution is handled by the sponsor: public distribution's by the 
National Technical Information Services. Springfield. VA 22 16 1, 
in paper copy or microfiche form. * - 



BIBLIOGRAPHIC SUBSCRIPTION SERVICES 



The following current-awarcness and Iiterature-«irvey bibliographies 
arev issued periodically by the Bureau: 

C'ryofsenic Data C'entef Current Awareness Service. A literature sur- 
vev issued biweekly. Annual s.ubscription: domestic S35: foreign 
S45. ' , - ' 

Liquefied Natural Gas. A literature survey i.ssued quarterly. Annual 
subscription: S30. . • 



5Miperconduccine DeviceN and Materials. A literature survey issued 
quarteriy. Annual subscription: S45. Plca.sc .send .subscription or- 
ders and remittances fof the preceding bibliographic services to the 
National Bureau of Standards.' Cryogenic Data Center (736) 
•Boulder. CO 80303. 



